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SECTION 1
GENERAL MODELING DISCUSSION

1.1 Current Approved Project

Abengoa Bioenergy Biomass of Kansas, LLC (ABBK) applied for and received an Air Emission
Source Construction Permit for a biomass-to-ethanol and biomass-to-energy production facility
dated September 16, 2011. A subsequent letter dated March 15, 2012 and associated modeling
files were submitted to the Kansas Department of Health and Environment to address changes in
certain source locations. After reviewing the information submitted, KDHE concurred with the
conclusion presented in the March 15, 2012 letter that the changes outlined therein would not
significantly impact the previously modeled results relied upon for the September 16, 2011 Air
Emission Source Construction Permit.

1.2 Proposed Project Changes

Abengoa presented the best design information available at the time in the Air Emission Source
Construction application and Ambient Air Quality Impact Assessment (AQIA), and this
information was relied upon for the September 16, 2011 Air Emission Source Construction
Permit. Continued engineering of the project and finalization of certain process arcas has
resulted in changes to the botiler start-up design and procedures presented in the Air Emission
Source Construction application and AQIA.

The boiler will continue to utilize the natural gas-fired start-up/auxiliary burner for start-up and
periodically during partial fuel source interruptions. However, the final engineering design
includes the addition of four natural gas (NG)-fired generator sets (EP-20010 through EP-20040)
that will be used for power production to support the boiler/steam turbine generator (STG)
system (and auxiliary utility support systems, such as cooling water, instrument air, raw water
treatment, biomass fuel handling, etc.) during start-up, shutdown, and malfunction (SSM) events.

Only three NG generator sets (EP-20010 through EP-20030) will be used in conjunction with
boiler/STG system SSM events, in which the enzymatic hydrolysis (EH) production process is
idle. As the boiler heats up and begins to produce on-spec steam for the STG, the STG will be
started to produce power, and the NG generator power will be reduced gradually until the
boiler/STG system is operating solely on the permitted biomass blend at the reduced 30%
nominal load.

The fourth NG generator set (EP-20040) will also be used to support in conjunction with
boiler/STG system SSM events when the EH production process is not idle (i.e. when production
tanks are full).

1.3  Proposed Equipment Operations

After initial start-up, the ABBK facility plans to have one short planned startup/shutdown event
per year for scheduled maintenance, and the maximum number of boiler/STG system short
unplanned start-up/shutdown events is expected not to exceed four per year. Additionally,
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ABBK plans to schedule a long boiler/STG system planned maintenance event once every two
years, which coincides with EH production process planned maintenance outage. In some
Instances, a portion of EH production process must continue to operate (not idle) during a
boiler/STG system outage, in order to avoid hydrolysate spoilage, loss of live organisms and
yield loss.

During a start-up of the boiler/STG system after a short planned maintenance event or a short
unplanned outage, the fourth NG generator set (EP-20040) is expected to be needed if the EH
preduction process is not idle. However, after a long boiler/STG system planned maintenance,
the fourth NG generator set (EP-20040) is not required to restart the boiler/STG system because
the EH production process is expected to be idle.

During a short planned maintenance or unplanned boiler/STG system event, the three NG
generator sets (EP-20010 through EP-20030) could operate up to 168 hours each to continue the
EH production process until the restart of the boiler/STG system. The fourth NG generator
(EP-20040) would then operate up to 12 hours to support the restart of the boiler/STG system.

During a long planned maintenance boiler/STG system event, the EH production process is idle.
The three NG generator sets (EP-20010 through EP-20030) could operate up to 24 hours each to
restart the boiler/STG system. The EH production process would be restarted after the
boiler/STG system was supplying power and the three NG generator sets were shut down.

Natural gas will be used for boiler start-up and for operating the generator sets. The selective
catalytic reduction (SCR) reheat loop will be started in the boiler prior to introducing any fuels
other than natural gas. The SCR reheat loop includes a duct bumer, which will be used to reach
SCR reaction temperature prior to the introduction of biomass-related fuels.

The hourly emissions during boiler start-up by the four NG generator sets are less than the
maximum worst-case hourly emissions presented for the boiler when operating at 500 million
British thermal units per hour (MMBtu/hr). For the purpose of estimating worst-case hourly
emissions, it is assumed that the four NG generator sets will operate at 100% of their rating load
up to the boiler's 30% nominal load, although actual emissions will be significantly less, as it is
expected that the boiler will be operating solely on the permitted biomass blend at the reduced
30% nominal load. The maximum worst-case annual potential emissions relied upon in the Air
Emission Source Construction Permit will not change as the four NG generator sets will not
normally be used when the boiler is operating at the reduced 30% nominal load and greater.

The four NG generator sets may also be operated for the purpose of maintenance checks and
readiness testing. Maintenance checks and readiness testing of these units will be limited to
100 hours each per year during normal facility operations. '

The four NG generator sets meet the 40 CFR Part 60, Subpart J11J, Standards of Performance for
Stationary Spark Ignition (SI) Internal Combustion Engines (ICFE), definition of "emergency
stationary internal combustion engines". This is based on the definition's specific example of the
ICE being used to produce power for critical equipment, including power supplied to portions of
the facility, when the normal power source (i.e. the biomass-fired boiler) is interrupted. Because
ABBK produces its own power, it will not be affected by an "emergency" loss of power from the
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local utility. Rather, ABBK controls its power through generation of on-site power in the
boiler/STG system and through the four NG generator sets which are limited to operating during
SSM events. The four NG generator sets will not operate during normal facility operations
except for maintenance checks and readiness testing.

1.4 Mechanical Completion and Equipment Operations Testing Schedule

Mechanical completion of the boiler/STG system is scheduled for August 2013. Soon after this
milestone the boiler will be lit and hot checkout procedures initiated. After initial checkout has
been completed, the boiler will be started and used to run the STG up to approximately 30%
boiler load. The amount of boiler load is restricted by not having a place to send the-steam and
electricity, and the overall condensing capability of the facility without the EH production process
and auxiliary utility support systems complete. Testing of the boiler/STG system is expected to
occur prior to December 31, 2013, After testing is completed the boiler/STG system will be shut
down and not relit until needed for testing of the EH production process and auxiliary utility support
systems, such as cooling water, instrument air, raw water treatment, biomass fuel handling, etc.

Mechanical completion of the EH production process and auxiliary utility support systems is
scheduled for Pecember 2013. Checkout of the EH production process will then begin with the
need for steam from the boiler/STG system. The boiler will be relit and checkout of the EH
production process with steam will begin around March 2014. Again, the boiler/STG system will
be limited to approximately 30% boiler load due to the limited ability of the facility to condense
steam.

This startup effort is expected to go into third quarter 2014, with higher levels of boiler operation
beginning in 4th quarter 2014.

Operational run time of the four NG generator sets will be minimal in 2013, and approximately
6 to 7 boiler starts (24 hours each) are anticipated in 2014. Normal operation of the facility is
expected by March 2015.

1.5  Report Organization

This report has been organized such that each required PSD construction permit application
modification component is provided in either a section of this report or attached as an appendix.
A summary of the contents of each section and appendix of this report are provided herein.
Also, additional deliverables to be provided to KDHE subsequent to this report in support of the
permit application modification have also described in this section.

1.5.1 Sections

Section 1.0: Facility Operations / Proposed Project Changes Description

A detailed description of the proposed project changes has been prepared and is included in
Section 1.0.
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Section 2.0: Regulatory Applicability Analysis

Section 2.0 includes a discussion for some of the applicable and non-applicable State and Federal
regulations. There are numerous administrative regulations (e.g., permit posting, fees, etc.) or
other statewide regulations (e.g. open burning, odor) that apply to the proposed facility, but these
are not summarized in this report.

Section 3.0: Best Available Contrel Technolosy Analvsis

A detailed BACT analysis for the proposed project changes has been prepared and is included in
Section 3.0.

Section 4.0: Proposed Limitations and Regulatory Interpretations

Proposed limitations and regulatory interpretations for the proposed project changes have been
prepared and are included in Section 4.0.

1.5.2 Appendices

Appendix A: KDHE Air Quality Spark lenition Emergency Generator Forms

The KDHE Air Quality Spark [gnition Emergency Generator forms have been included in
Appendix A.

Appendix B: Vendor Specification Sheet

The Cummins Power Generation specification sheet dated April 2009 has been included in
Appendix B.

Appendix C: Potential to Emit Calculations

Potential to emit (PTE) calculations for criteria pollutants: nitrogen oxides (NOX), sulfur oxides
(80x), carbon monoxide (CO), particulate matter (PM/PM,oPM; 5), volatile organic compounds
(VOCs, also called non-methane hydrocarbons, NMHC); hazardous air pollutants (HAPs); and
greenhouse gases (GHGs) were estimated using a combination of vendor specification sheet,
emission factors from U.S. Environmental Protection Agency's (EPA) Compilation of Air
Pollutant Emission Factors, 5th Edition, Volume 1 (AP-42), EPA emissions databases, EPA
protocol and guidance documents, and the California Climate Action Registry’s (CCAR) General
Reporting Protocol. Detailed emission calculations are presented in Appendix C. Potential
emission calculations include both uncontrolled and controlled scenarios.

Appendix D: Best Available Contrel Technology Analysis Calculations

The BACT analysis calculations for the proposed project changes are presented in Appendix D.
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1.5.3 Additional Deliverables

Adr Quality Impact Assessment Supplement

An AQIA supplement will be provided as detailed in the modeling protocol submitted concurrent
with this permit application modification.
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SECTION 2

REGULATORY APPLICABILITY

2.1 Current Kansas Air Quality Regulations

The Kansas Air Quality Regulations (K.A.R.) that were reviewed for the purpose of this permit

modification application are discussed below and summarized in Table 2-1.

Table 2-1

Receptor Spacing for Significant Impact Modeling

Applicability
K.A.R. Title Determination
K.A.R. 28-19-300 | Construction Permits and Approvals; Applicability Applicable
K.A.R. 28-19-302 | Construction Permits and Approvals; Additional Not Applicable
Provisions; Construction Permits
K.A.R. 28-19-304 | Construction Permits and Approvals; Fees Applicable
K.A.R. 28-19-350 | Prevention of Significant Deterioration of Air Quality Applicable
K.A.R. 28-19-500 | Operating Permits; Applicability Applicable
K.A.R. 28-19-650 | Emissions Opacity Limits Applicable
K.A.R.28-19-720 | New Source Performance Standards Applicable
K.A.R. 28-19-735 | National Emission Standards for Hazardous Air Not Applicable
Pollutants
K.AR. 28-19-750 | Maximum Achievable Control Technology Not Applicable

Regulations

2.1.1 S5K.A.R. 28-19-300 — Construction Permits and Approvals; Applicability

A construction permit is required for this facility because the PTE of the proposed project has an
uncontrolled net increase in emissions equal to or greater than the thresholds listed in

K.A.R. 28-19-300(a)(1)(A) through (F) for PM/PM,o/PM; 5, NOx, SOx, CO, and VOC; and
because the facility s an affected source as defined in K.AR. 28 19 200(dd)(20). The emission
thresholds are summarized in Table 2-2.

Table 2-2
Construction Permit Emissions Threshold

Pollutant Threshold

PM 25 tpy
PMip 15 tpy
NOx 40 tpy

SOx 40 tpy

CO 100 tpy
VOC 40 tpy
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Because the facility previously exceeded at least one of the above construction permit thresholds,
the facility obtained an Air Emission Source Construction Permit dated September 16, 2011. In
order to ensure there was no circumvention of the regulations, this permit modification
application is being submitted for the proposed project changes.

2.1.2 K.AR. 28-19-302 — Construction Permits and Approvals; Additional
Provisions; Construction Permits

This standard allows for facilities that would otherwise be required to submit an application for
the construction of a new source to request a federally enforceable operational restriction be
included in the construction permit which reduces the PTE of the facility, thereby reducing the
requirements the facility must meet.

The facility previously requested to limit its individual HAP emissions to not more than 9.9 tons
per year and total HAP emissions to not more than 24.9 tons per year based on a 12-month
rolling average. This HAP limit established the facility as a synthetic minor for the purposes of
40 CFR Part 63. The facility continues to request this limit as the proposed project changes will
not increase worst-case annual HAP emissions.

2.1.3 K.A.R.28-19-304 — Construction Permits and Approvals; Fees

The facility requests a fee determination from KDHE regarding this permit modification
application that is being submitted for the proposed project changes.

2.1.4 K.A.R. 28-19-350 — Prevention of Significant Deterioration of Air Quality

The requirements of this regulation were previously determined to apply to the facility, as it met
the definition in 40 CEFR Part 52, Prevention of Significant Deterioration of Air Quality (40 CFR.
§52.21) for a major stationary source and is located in an area of the state designated as
attainment or unclassified area. As discussed in Section 2.1.1, in order to ensure there was no
circumvention of the regulations, this permit modification application is being submitted for the
proposed project changes.

2.1.5 K.A.R. 28-19-500 — Operating Permits; Applicability

The facility is required to obtain a Class I Operating Permit for the criteria pollutants, PM/PM;j,
NOx, SOx, and CO. The proposed project changes in this permit modification application will
be incorporated into the facility's Class [ Operating Permit application.

2.1.6 K.A.R. 28-19-650 — Emissions Opacity Limits

This standard limits opacity from new equipment to 20% unless the equipment is subject to other
K.A.R. regulations or that are subject to more stringent New Source Performance Standards
(NSPS) regulations. The four NG generator sets will be limited to 20% opacity.
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2.1.7 K.AR. 28-19-720 — New Source Performance Standards

NSPS are Federal standards (40 CRF Part 60) that Kansas has adopted by reference, with the
exception of 40 CFR §§60.4, 60.9, 60.10, 60.16 and Subpart HHHH. There is one NSPS that
applies to the proposed project changes. This standard is discussed in detail in Section 2.2.

2.1.8 K.A.R.28-19-735 — National Emission Standards for Hazardous Air
Pollutants

National Emission Standards for Hazardous Air Pollutants (NESHAP) regulations are Federal
standards (40 CFR Part 61) that Kansas has adopted by reference, with the exception of 40 CER
§§61.04, 61.16, 61.17, and Subparts H, [ and K. There are no NESHAPs in 40 CFR Part 61 that
apply to the proposed project changes.

2.1.9 K.A.R. 28-19-750 — Maximum Achievable Control Technology Regulations

Maximum Achievable Control Technology (MACT) regulations are Federal NESHAP standards
for Source Categories (40 CFR Part 63) that Kansas has adopted by reference, with the exception
of 40 CFR §§63.12, 63.13, 63.13, 63.40 through 63.44 and subpart E.

As discussed previously, the facility is requesting to limit its individual HAP emissions to not
more than 9.9 tons per year and total HAP emissions to not more than 24.9 tons per year based
on a 12-month rolling average. These limits make the facility a synthetic minor source of HAPs
so it will not be subject to MACT rules that apply to major sources of HAPs. There is one area
source MACT that applies to the proposed project changes. This standard is discussed in detail
in Section 2.2.

2.2 Federal Regulations

The four NG generator sets at the facility will be subject to 40 CFR Part 63, Subpart 77277,
National Emissions Standards for Hazardous Air Pollutants for Stationary Reciprocating
Internal Combustion Engines (RICE). ABBK is an area source of HAP emissions that is
constructing 4 new RICE constructed after June 12, 2006, as defined in this subpart. For new
RICE located at an area source, spark ignition engines are required to meet 40 CFR Part 60,
Subpart JJJJ, Standards of Performance for Stationary Spark Ignition (SI) Internal Combustion
Engines (ICE). There are no further applicable requirements apply for the proposed generator
sets under 40 CIR Part 63, Subpart ZZ.7.7.

40 CFR Part 60, Subpart JIJJ applies to owners and operators of SI ICE constructed after June
12, 2006. The definition of an "emergency stationary internal combustion engine" in § 60.4248
are as follows:

Emergency stationary internal combustion engine means any stationary internal
combustion engine whose operation is limited to emergency situations and required
testing and maintenance. Examples include stationary ICE used to produce power for
critical networks or equipment (including power supplied to portions of a facility) when
electric power from the local utility (or the normal power source, if the facility runs on
its own power production) is interrupted, or stationary ICE used to pump water in the
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case of fire or flood, etc. Stationary SI ICE used for peak shaving is not considered
emergency stationary ICE. Stationary ICE used fo supply power to an electric grid or
that supply power as part of a financial arvangement with another entity are not
considered to be emergency engines.

Based on this definition, ABBK is proposing that the four NG generator sets be considered
"emergency stationary internal combustion engines”. This is based on the definition's specific
example of the ICE being used to produce power for critical equipment, including power
supplied to portions of the facility, when the normal power source (i.e. the biomass-fired boiler)
is interrupted. Because ABBK produces its own power, it is never affected by an "emergency”
from loss of power from the local utility. Rather, ABBK controls its power through generation
of on-site power in the biomass-fired boiler and through the four NG generator sets which are
limited to operating during SSM periods. The four NG generator sets will not operate during
normal facility operations except for maintenance checks and readiness testing. The standards in
40 CFR Part 60, Subpart JJJJ are listed in Table 1 of the subpart and are based on engine size.
For stationary emergency engines greater than or equal to 130 HP, the standards in grams per
HP-hr are as follows:

o NOx=2.0 g/BHP-hr
e CO=4.0g/BHP-hr
e VOC=1.0 ¢/BHP-hr

Based on the vendor specifications for the engines to be installed, the engines’ emissions are less
than the standard's limits for the above pollutants.
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SECTION 3
BEST AVAILABLE CONTROL TECHNOLOGY ANALYSIS

As described in Section 2.1.4, the proposed project changes are subject to PSD review. Inno
event can the application of BACT result in the emission of any pollutant that would exceed the
emissions allowed by the applicable NSPS. The September 16, 2011 Air Emission Source
Construction Permit BACT relied on the “top-down” process to determine BACT for the
permitted sources. The same BACT procedure is presented herein.

3.1 Source Description

NG-fired SI ICEs will emit a variety of air pollutants. These pollutants are primarily NOx, SOx,
CO, particulate matter (PM/PM;,PM,; 5), VOCs (also called NMHC), HAPs and GHGs. The
proposed NG generator sets are 4-Stroke Lean Burn Engines (SCC 2-02-002-54) with a rating of
1,750 kilowatts (kW) continuous power, 1,837 kW maximum power.

3.2 Identify Available Control Options

Over recent years, and expected into the future, manufacturers of SI ICE and their suppliers have
been working diligently to reduce criteria pollutant emissions by a combination of engine design
and add-on controls. At this time, there are only a few commercially-available criteria pollutant
reduction technologies available for NG-fired SIICEs. There are no effective combustion
controls to reduce the GHG emissions from NG-fired SI ICEs, and there are currently no
available post-combustion controls. The following sections discuss the control options that have
been identified and considered in determining BACT.

3.2.1 Engine and Engine-Control Design

Standard lean-burn engine design is capable of reducing NOx to less than 2.5 g/BHP-hr.
Low-emission designs can reduce NOx emissions to below 1.0 g/BHP-hr. The vendor
specifications for the engines to be installed indicate that the NOx emissions will be

0.84 g/BHP-hr + 5%. Low-emission designed engines require advanced control systems to
maintain combustion stability. Reductions in CO are marginal for low emission design.
Reductions in VOC of about 35% are likely due to cooler engine operation. For GHGs, because
the amount of GHG emissions produced depends on the amount of fuel burned, and improving
engine efficiency will reduce GHG emissions.

3.2.2 Three-Way Catalyst

A Three-Way Catalyst (TWC) is the basic automotive catalytic converter that reduces NOx, CO,
and VOCs. TWC is also called "non-selective catalytic reduction.”

3.2.3 Selective Catalytic Reduction

SCR passes the exhaust through a catalyst bed along with an ammonia source (either ammonia or
urea) to reduce the NOX to nitrogen. Some excess ammonia is necessarily emitted. SCR has
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only been required under permitting when the gas-powered engine is to be located in an area
suffering non-attainment with the NAAQS for ozone, and not for engines intended for
emergency service.

3.2.4 Catalytic Oxidation

Catalytic Oxidation uses a noble metal catalyst to reduce both CO and VOCs by as much as 98%
to 99%. As with SCR, catalytic oxidation has only been required under permitting when the gas-
powered engine is to be located in an area suffering non-attainment with the NAAQS, in this
case, for CO. According to U.S. EPA publication 2060-AG63, Regulatory Impact Analysis for
the Stationary Internal Combustion Engine (RICE) NESHAP — Regulatory Impact Analysis,
February, 2004, fewer than 15% of 2-stroke lean-burn engines and 3% of 4-stroke lean-burn
engines have been equipped with catalytic oxidation systems.

3.2.5 Fuel Restriction

SO; and PM; emissions are almost negligible for lean-burn gas-powered engines. There were
no permit imposed SO, or PMjp reduction technologies identified to reduce emissions of these
pollutants from gas-powered engines except fuel restriction to natural gas or propane. Further,
for GHGs, natural gas has the lowest GHG emission rate of all fuels except biogas. Because the
biogas produced at the facility is the by-product of the production process, biogas cannot be used
in place of the natural gas as a fuel for the NG generator sets.

3.3  Eliminate Technically Infeasible Control Options

FEngine and Engine-Control Design for NOx. CO and VOC Reductions — Technically Feasible

The NG generator sets that will be utilized will meet specific design emission standards that are
mandated by the NSPS Subpart JJJJ regulations. The NSPS Subpart J11J standard 1s a mandatory
function that ensures certain engine standards are met. 1t is this NSPS standard that serves as the
basis for this BACT determination.

For the NG generator sets, it is technically feasible to purchase NSPS-compliant engines.

TWC System for NOx, CO and VOC Reductions — Technically Infeasible

TWC cannot be used on the oxygen-rich exhaust expected from a lean-burn engine.
Consequently, TWC is not feasible for use on lean-burn engines.

SCR for NOx Reduction — Technically Feasible

SCR is technically feasible; however, research in the technology has indicated that it is relatively
expensive and not required under permitting for engines intended for emergency service.

Catalvtic Oxidation for CO Reduction — Technically Feasible

SCR is technically feasible; however, research in the technology has indicated that it is relatively
expensive and not required under permitting for engines intended for emergency service.
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Fuel Restriction — Technically Feasible

The inherent generator design is based on the use of natural gas. The use of natural gas results in
reduced emissions for all criteria pollutants and HAPs from ICEs.

3.4  Rank Technically Feasible Control Options

Based on the above discussion and the inherent generator design, the generators' baseline
emissions incorporate lean-burn engine and engine-control design for NOx, CO, VOC and GHG
reductions, and fuel restriction to natural gas for reductions in all emissions over other readily-
available fuels. The only technically feasible post-combustion controls are SCR for NOx
reduction and catalytic oxidation for CO reduction.

3.5  Evaluate Technically Feasible Control Options

The economic feasibility for the technically feasible post-combustion controls identified was
calculated using potential emissions. BACT costs were evaluated using standard engineering
estimating practices presented in Section 2, Generic Equipment and Devices, of the EPA Air
Pollution Control Cost Manual, Sixth Edition, EPA-425/8-02-001.

The steps performed for the BACT economic analysis are delineated below:

I. The total capital investment (TCI) for each technically feasible control option are
estimated based on the following values provided by ABBK:

Control Technology Estimated Control Equipment
Capital Cost
SCR $410,800 Per Unit
Catalytic Oxidation $363,200 Per Unit

2. Annualized costs are calculated using standard engineering estimating practices presented
in Section 2, Generic Equipment and Devices, of the EPA Air Pollution Control Cost
Manual, Sixth Edition, EPA-425/B-02-001. The calculations are rounded to the nearest
$100. The following calculations and assumptions are used in this section to evaluate the
economic feasibility of both SCR and catalytic oxidation:

a. Total annual costs are the sum of the annual direct and indirect costs, The total
annual cost (TAC) equation used for this BACT analysis is as follows:

TAC = Direct Costs + Indirect Costs + CRF
‘Where:

Direct costs were assumed zero for a worst-case estimate of cost. These
direct costs include annual operating and overhead costs.

Indirect costs were assumed zero for a worst-case estimate of cost. These
indirect costs include administrative changes, property taxes and
insurance.

CREF = capital recovery cost factor.
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b. Annual operating costs are assumed minimal and consist of minor expenses such
as painting and architectural repairs, etc. These direct costs are conservatively not
included in the cost analysis.

c. Overhead is not considered because it is based on the sum of operating,
supervisory, and maintenance labor and material costs, which are assumed to be
zero and conservatively not included in the BACT analysis.

d. Annual indirect costs are assumed to be zero and conservatively not included in
the BACT analysis.

e. The capital recovery cost factor (CRF) is a function of the equipment life and the
opportunity cost of the capital (i.¢., interest rate}. For this analysis, a 10-year
equipment life and a 7% interest rate is assumed. The capital recovery factor is
calculated using the following equation:

CRF=[i(1-+1)"]1/{(1 +1)"-1]
Where:

CRF = capital recovery factor

i = annual interest rate (fraction)

n = number of payment years
CRF =0.1424

3. The annualized cost is divided by the amount of emissions controlled by each technically
feasible control option to calculate the dollars per ton of pollutant removed. The
calculations are rounded up to the nearest $100.

Based on the calculations presented in Appendix D using the calculation methodology detailed
above, it is not economic feasibility to install either SCR or catalytic oxidization on the NG
generator sets. Based on the cost evaluation, ABBK concludes that the reduction of NOx
emissions that could be attained with the additional add-on SCR is not justified by the cost of the
technology. Further, ABBK concludes that the reduction of CO emissions that could be attained
with the additional add-on catalytic oxidizer is not justified by the cost of the technology.

3.6 Establish BACT

The proposed BACT for the four NG generator sets are low-emission engine design for lean-
burn engines and fuel restriction to natural gas,

3.7  BACT Compliance

The ABBK facility will demonstrate compliance with BACT for the four NG generator sets by
recording fuel usage and using the emissions factors presented in the application to determine
resulting emissions. Because fuel usage can be accurately measured, and the amount of
emissions can be calculated precisely based on well-established emissions factors, no other direct
monitoring of emissions is proposed. The emission factors presented in the application will be
relied upon to demonstrate compliance with the proposed BACT.

Sage Environmental Consulting, 1.P. 34 Abengoa Bioenergy Biomass of Kansas, LLC
October 2012 ABBK Hugoton, KS Permit Modification Application



SECTION 4
PROPOSED LIMITATIONS AND REGULATORY
INTERPRETATIONS

ABBK proposes the following limitations and regulatory interpretations:

e The four NG generator sets are emergency generators that will not operate during normal
facility operations except for maintenance checks and readiness testing;

s Maintenance checks and readiness testing of these units will be limited to 100 hours each
per year during normal facility operations;

e No annual hours of operation limits are proposed for the four NG generator sets, except
for maintenance checks and readiness testing, based on the following:

— The maximum worst-case hourly emissions presented in the attached potential to
emit calculations demonstrate that when all four NG generator sets are operated at
100% of load in conjunction with the biomass-fired boiler operating at the
reduced 30% of nominal load, the hourly emissions are less than the worst-case
hourly emissions in the September 16, 2011 Air Emission Source Construction
Permit.

— The facility produces power using the boiler/STG system. If the boiler/STG
system is not operational, the facility cannot operate, thus, extended periods of
generator operation are not feasible as the generator sets cannot be relied upon to
power the facility for any other purpose other than SSM/emergency situations.

— There are no hour limits for similar units during emergency use.

e The four NG generator sets will be equipped with non-resettable hour-meters. Records
will be maintained that specify the purpose of generators' use when operated.

¢ The four NG generator sets will comply with the requirements of 40 CFR Part 60,
Subpart JIJJ and 40 CEFR Part 63, Subpart 27277, as outlined in the application forms

contained in Appendix A.

Sage Environmental Consulting, L.P. 4-1 Abengoa Bioenergy Biomass of Kansas, LLC
Qclober 2012 ABBK Hugoton, KS Permit Modification Application



KDHE AIR QUALITY SPARK IGNITION EMERGENCY
GENERATOR FORMS

Sage Environmental Consulting, L.P. A-1 Abengoa Bioenergy Biomass of Kansas, LLC
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Kangas Department of Health and Environment — Bureau of Air
, © 1000 SW Jackson, Suite 310, Topeka, KS 66612
ANSAS Phone: (785) 296-1570  Fax: (785) 291-3953

Depactmunt of Heskdh Ap pﬁcation for APproval

aund Fvirenasnl Spark Ignition Emergency Generators

This approval is suitable for spark ignition emergency generators wsed only for back-up power when the primary
electric power is inferrupted diving emergency situations or for short periods to perform maintepance and
operational readiness testing, The KDHE befieves that 500 hours is an appropriate default assumption for estimating
the number of howrs that an emergency gencrator could be expected to operate under worst-case conditions,

For diesel emergency generators, use the Compression Ignition Emergency Generator Application,

Engine Data

Date of construction:

Has the engine been modificd or reconstructed?
{7} Yes, reconstructed/modificd (circle one) If yes, date:

Xl No

PDELS

Fuel(s) burned in the engine (check all that apply): 1 Engine Manufacturer: Cummins Power Generati
{"] Gasoline Natural Gas LG | Horscpower: 2,463 bhp

{71 Other (please specily): Dale of Manufacture; TBI
Wil the engine be used for peak shaving or supply power to the clectrical grid?
D Yes No

Has the engine been certified to meet the applicable emission standards of 40 CFR Part 60, Subpart 13117

Yes [ | No

Wikl the engine be located at a facility that is a major seurce of HAPs?
[1Yes [ENo

Will the engine be focated at a residential, commercial, or institutional facility?

{7} Yes No

Owner/Operator’s identification number/name for the engine: EP-20010, Generator Set #1

Facility Information

Company Name: Abengoa Biloenergy Biomass | Source ID number: 1890231

Kansas, LLC

Source Lotation
Facility name: Abengoa Bioenergy Biomass of Kansas, LLC
Street Address; TBD Counly: Stevens County

City, Stte, Zip: Hugoton, K8 67951 Section, Township, Range: T33S, R37W, Sec 18

Mailing Address (if’ different)

Street Address: 16150 Main Circle Drive, Suite 200

City, State, Zip:  Chesterfield, MO 63017

Contact Information

Name: Robert Wildgen Telephone Number; (636} 728-4515

Email; Fax Numbei: {636} 536-6175

Roberlk ,Wildgen@bloenergy.abengoa.com

e, accurale, and complete.

Date: /()I//‘ﬁ;/'f .

Please complete the above form for each engine and fax to (785) 291-3953, or mail 1o the above address,
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Kansas Department of Health and Environment — Bureau of Air
;1000 SW Jackson, Suite 310, Topeka, KS 66612

aANSas Phone: (785) 206-1570  Fax: {785} 291-3953

Deparmment of Huealth Application for Approval

wifwenes - Spark Ignition Emergency Generators

This approval is suitable for spark ignition emergency generators used only for back-up power when the primary
electric power is inferrupted during emergenrcy situations or for short periods to perform maintenance and
operational readiness testing, The KDHE believes that 500 hours is an appropriate default assumption {or estimating
the number of hours that an emergency generator could be cxpected to operate under worsi-case conditions,

For diesel emergency generators, use the Compression [gnition Emergency Generater Application,

Engine Data

Date ef construction:

Has the engine been modificd or reconstructed?
-] Yes, reconstructed/modified (circle one) I yes, date:
&l No

Fuel(s) burned in the engine (check all that apply): | Engine Manufacturer: Cumming Power Generati

RERES]

] Gasoline Natural Gas [JLPG | Morsepower: 2,463 bhp

[] Other (please specify): Date of Manulacture; TBD
Will the engine be used for peak shaving or supply power te the clectrical grid?
[Jves No

Has the engine been certified to meet the applicable emission standards of 40 CFR Part 60, Subpart J1J§?

Yes [INo

Will the engine be located at a facility that is a mator source of HAPs?

F1Yes Na

Wilt the engine be located at a residential, commercial, or institutional facility?

{:] Yes No

Owner/Operator’s identification numberfmame for the engine: EP-20020, Gene rator Set #2 '

Facility Information

Company Name: Abengoa Bioenergy Biomags | Source ID number; 1830231

. of Kansas, LLC
Source Loeation

Facility name: Abengoa Bioenergy Biomass of Kansas, LLC

Streel Address: TBD Counly: Stevens County

City, State, Zip: Hugoton, KS 67951 | Scction, Township, Range: 335, R3I7W, Sec 18

Mailing Address (il different)

Sirect Address: 16150 Main Circle Drive, sSulte 200

City, State, Zip: Chesterfield, MO 63017

Contact Information

Name: Robert Wildgen Tolephone Number: (636) 728-4515

Email: Fax Number: {636} 536-6175

ue, accurate, and complete.

Robert . Wildgen@bioenergy.abengoa.com
Date: /Q/[ﬁ .{22

d
Flease complele the above form for each engine nd fax to (785) 291-3553, or mail to the above address.
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) Kansas Department of Health and Environment ~ Bureau of Air
Foan T 1000 SW Jackson, Suite 310, Topeka, KS 66612

anS aS Phone: (785} 296-1570 Fax: (785) 291-3953

Beparmem of Hezlth Application for Appl‘O\lal

mdtmiemert - Snark Ignition Emergency Generators

This approval is suitable for spark ignition emergency generators used only for back-up pawer when the primary
electric power is interrupted during emergeney sifuations or for short periods to perform maintenance and
operational readiness testing. The KDHME believes that 500 hours is an apprepriate default assumption for estimating
the number of hours that an emergency generator could be expected to operate under worst-case conditions,

For diese]l emergency generators, use the Co mpression Ignition Emergency Generator Application,

Engine Data

Date of construction:

Has the engine been modified or reconstructed?
{3 Yes, reconsiructed/modified (cirele one) 1f yes, date:

K No

Fuel(s) bursed in the engine (check all that apply): | Engine Manufacturer: Cummins Power Generatl

DILS

[T Gasoline Natoral Gas  [JLPG | Homsepower: 2,463 bhp

{1 Other (please specify): Date of Manufacture; LBD

WIll the engine be used for peak shaving or supply power to the electrical grid?

{Ives No

Has the engine been certi fied to meet the applicable emission standards ol 40 CFR Part 60, Subpart 1) J}?
Yes [ IMNo

Wil the engine be located at a lacility that is a major source of HAPs?

[1Yes No

Will the engine be focated at a residential, commerciat, or institutiona facility?

1ves No

Owner/Operalor’s identification number/name for the engine: EP-20030, Generabor Set #3

Facility Information

Company Name: Abengoa Bioenergy Biomass | Sowrce ID number: 1890231

. of Kansas, LLC
Source Location

Facility name; Abengoa Bioenerqgy Biomass of Kangasg, LEC

Sireet Address: TBD Counly: Stevens County

City, State, Zip: Hugoton, K38 673851 Section, Township, Range: T335, R3IMW, Sec 18

ivailing Address (if difterent)

Sireel Address: 16150 Main Circle Drive, Sulte 200

City, State, Zip: Chesterfield, MC 63017

Contact Information

Name: Robert Wildgen Telephone Number: (636) 728 4515

Email: Fax Number: (636) 536-6175

Robert .Wildgen@hioenergy.abengoa.com

Wmmq and complete.
( Date: {Q[{SZ{Q

Please complete the above form for each engine and fax to (785) 291-3933, or mall io the above address.

I certify 4

Signature:
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~ Kansas Department of Health and Environment - Bureau of Alr
i % 1000 SW Jackson, Suite 310, Topeka, KS 66612 .
ANSAS Phone: (785) 296-1570  Fax: (785) 291-3953

Depanment of Health Application for Appr‘c"""‘!i

and Emvironment Spark Ignition Emergency Generators

This approval is suitable for spark ignition emergency generators used only for back-up power when the primary
clectric power is inferrupted during emergency situations or for short periods to perform maintenance and
operational readiness testing, The KDHE believes that 500 hours is an appropriate defauli assumption [or estimating
the number of hours that an emergency generator could be expecled lo operate under wersi-case conditions.

For diesel cmergency generators, nse the Compression Ignition Emergency Generator Application.

Engine Data

Dale of construction:

Has the engine been modified or reconstructed?
L1 Yes, veconstructed/modified (circle one) If yes, date:
Xl No

Iuel(s) burned in the engine {check all that apply): | Fngine Manutacturer: Cummins Power Generatl

DILS

] Gasoline Natwral Gas [ LPG | Horsepower: 2,463 bhp

L] Other (please specify): Date of Manufacture: TBD

Wilk the engine be used for peak shaving or supply power (o the electrical grid?

{7] Yes No

Has the engine been certified to meet the applicable emission standards of 40 CFR Part 60, Subpart 11117

Yes [ Mo

Will the engine be located al & tacility that is a major source of HAFs?

[ ves No

Will the engine be located af a residential, commercial, or institutional facility?

{1 ves No

Owner/Operater’s identification number/name for the enging: EP-20040, Generator Set f4

Facility Informafion

Company Name: Abengoa Bioenergy Biomass | Sowce ID number: 1890231

. of Kansas, LLC
Sowrce Locaiion

Facility name: Abengoa Bioenerqgy Biomass of Kansas, LLC

Streel Address:  TBD County: Stevens County

City, State, Zip: Hugbton, K8 67951 Section, Township, Ranpe: T33S, R37W, Sec 18

Mailing Address (if different)

Sueet Address: 16150 Main Circle Drive, Suite 200

City, State, Zip: Chesterfield, MO 63017

Contacl Information

Name: Robert Wildgen Telephone Number; {636} 72B-451%

Email: Fax Number: (636) 536-6175

Robert .Wildgen@bloenergy.abengoa.com

I certify thg rate, and complete,

Signature

Date: /@I//};"//Q

Please complete the above form for each engine and fax 1o (785) 291-3953, or mail to the above address.
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Supplemental Information

Disclaimer:

Summaries and other statements in this application form are intended solely as guidance, canmot be used to bind the
agency, and are not a substifute for veading applicable statutes, rules, and regulations (including, but not limited to,
40 CFR Part 60, Subpart JI1J, and 40 CER Part 63, Subpart ZZZ7.) The federal regulations referenced in this form
are available online at hitp.Jecli/gpogccess. gov.

Definitions

Commercial facility -- establishments such as office buildings, hotels, stores, telecommunications facilities,
restaurants, financial institutions such as banks, doctor’s offices, and sports and performing arts facilities.

Date of Construction - the date the engine is ordered by the owner or operator.
Date of Manufacture — The date on which the engine was originally built by the manufacturer.

Emergency Stationary Internal Combustion Engine — any stationary internal combustion engine whose operation is
limited to emergency situations and required testing and maintenance. Examples include stationary ICE used to
produce power for critical networks or equipment {including power supplied to portions of a facility) when electric
power from the {ocal utility (or the normal power source, if the facility runs on its own power production) is
interrupted, or stationary ICE used to pump water in the case of fire or flood, etc. Stationary SIICE used for peak
shaving are not considered emergency stationary ICE. Stationary ICE used to supply power to an electric grid or
that supply power as part of a financial arrangement with another entity are not considered to be emergency engines.

Hazardous Air Pollutant (HAP} — any air pollutant listed in or pursuant to section 112(b) of the Clean Air Act.

Institutional facility — establishments such as medical centers, nursing homes, research centers, institutions of higher
education, correctional facilities, elementary and secondary schools, libraries, religious establishments, police
stations, and fire stations.

Liguefied Petroleum Gas (LPG) — any liquefied hydrocarbon gas obtained as a by-product in petroleum refining or
natural gas production.

Major source — means any stationary source or group of stationary sources located within a contiguous area and
under common control that emits or has the potential to emit considering controls, in the aggregate, 10 tons per year
or more of any HAP or 25 tons per year or more of any combination of HAPs.

Modification — any physical change in, or change in the method of operation of, an existing engine that increases the
amount of any air pollutant emitted into the atmosphere by that facility or which results in the emission of any air
pollutant into the atmosphere not previously emitted.

Peak Shaving — the process of using local electricity generation for the express purpose of “shaving off” a facility’s
peak power demand to lower the source’s overall electrical costs.

Reconstruct —1o replace or refurbish components of an existing engine to such an extent that the fixed capital cost of
the new and refurbished components exceeds 30 percent of the fixed capital cost of a new engine.

Spark Ignition Internal Combustion Engine — 1) a gasoline-fueled engine, or 2) any other type of engine with a
spatk plug (or other sparking device) and with operating characteristics significantly similar to the theoretical Otto

combustion cycle.

Residential Facility — establishments such as homes or apartment buildings.
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Regulatory Summary
40 CFR Part 60, Subpart JJJJ (NSPS JJJJ) Requirements

Applicability — 40 CFR 60.
An emergency SIICE with a brake horsepower greater than 25 HP is subject to NSPS JIIT if:
e  Construction commenced after Jane 12, 2006 AND the engine was manufactured after January 1, 2009, OR
¢ The engine was medified or reconstructed after June 12, 2006

Emission Stomdards — 40 CFR 60.4233
¢  Owners and operators of stationary SI ICE shall comply with the emission standards of §60.4233 based on
engine power, fuels used, and date of manufacture.

Fuel Requirements — 40 CFR 60.4235
s Owners and operators of stationary SI ICE that burn gasoline shall use gasoline that meets the per gallon
sulfar limit in 40 CFR 80.195.

Importing and Installing Requirements — 40 CFR 60.4236
e After January 1, 2011, owners and operators may not install engines that do not meet the applicable
emission standards in 40 CFR 60.2333.

Monitoring Requirements — 40 CFR 60.4237
#  Owners of operators of the following SI emergency engines that do not meet the standards applicable to
non-emergency engines shall install a non-resettable hour meter:
o FEngines = 500 HP that were built on or after July 1, 2010
o Engines between 130 HP and 500 HP that were built on or after January 1, 2011
o Engines < 130 HP built on or after July 1, 2008

Compliance Reguirements — 40 CFR 60.4243
s  Maintenance checks and readiness testing of emergency stationary SI ICE is limited to 100 hours per year.
There is no time limit on the use of such units in emergency situations.
o IfFederal, State, or local standards require more than [00 hours of maintenance and testing, the
owner or operator shall maintain records of these requirements.
o Emergency SI ICE may operate up to 50 hours per year in non-emergency situations. This
operating time cannot be used for peak shaving or to generate income for the facility (e.g.
supplying power to the grid) and shall be counted towards the 100 hour limit.
e Owners or operators of natural gas ST engines may use propane as an alternative fuel for up to 100 hours
per year during emergency operations.

Reporting and Recordkeeping Requirements — A0 CFR 60.4245
s  Owners and operators of all ST ICE shall maintain the following records:
o All notifications submitted to comply with NSPS JIIY
o Maintenance conducted on the engine
o Documentation from the manufacturer of certification to applicable emission standards
&  The owner or operator shall keep records of all operation of the engine. The owner shall record the date and
time of operation of the engine and the reason the engine was in operation.
e  The owner or operator of an SI ICE = 500 HP that is not certified to meet the emission standards of
§60.4231 shall submit an initial notification as specified in §60.4245(c).
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40 CFR Part 63, Subpart ZZZZ (MACT LZZZZ) Requirements

Applicability — 40 CFR 63.6590

Use the table below to determine whether the engine is new or existing.

Engines are considered new for MACT ZZZ7Z if they commence construction or reconstruction after the applicable
date, summarized below. Engines constructed before that date are considered existing.

Construction/Reconstruction

Source Type Engine Size Commences after. ..

Major > 500 HP 12/19/02
Major < 500 HP 6/12/06
Area Any 6/12/06

o  The following engines are not requited to meet the requirements of MACT ZZZ7 :
o Existing emergency ICE >500 HP at major sources.
o New emergency ICE >500 HP at major sources.
»  Submit an initial notification as specified in 40 CFR 63.6645(f).
o Existing emergency ICE at residential, commercial, or institutional facilities.
e  The following SI ICE shall comply with MACT ZZZ7 by complying with NSPS JJJJ, as applicable:
o New emergency ICE at area sources.
o New emergency ICE <500 HP at major sources

Existing emergency ICE of any size at area sources and existing emergency ICE < 500 HP at major
sources shall comply with the following requirements, as applicable.

Compliance Date — 40 CFR 63.6595
s  The owner or operator shall comply with the requirements of MACT ZZZ7 by October 19, 2013.

Operation and Maintenance Requirements — 40 CFR 63.6602, 63.6603, & 63.6625
¢  Existing emergency ICE shall be equipped with a non-resettable hour meter. [§63.6625(f)]
e  The owner or operator shall comply with the work practice requirements in Table 2c and 2d, as applicable
{summarized below). [§03.6602 & §63.6603]
o The owner or operator may petition the Administrator for alternative work practices.

Engine ex:;: filrrifl(igos‘t‘;:t%p During periods of startup:
Existing Emergency STICE <500 | a. Change oil and filter every 300 Minimize the engine’s time spent
HP at Major Sources of HAP, and hours of operation or annually™* . at idle and minirnize the engine’s
o startup time at startup to a period
Existing Emergency SI ICE at b. Inspect spark plugs every 1,000 needed for appropriate and safe
Area Sources of HAP hours of operation or annually™® loading of the engine, not to
exceed 30 minutes, after which
c. Inspect all hoses and belts every 500 | time the non-startup emission
hours of operation or annually*, and | limitations apply.
replace as necessary.

* Whichever comes first.

e  The owner or operator may utilize an oil analysis program as described in 40 CFR 63.6625(3) in order to
extend the specified oil change requirement.

e  Dxisting emergency ICE shall be operated and maintained according to the manufacturer’s emission-related
written instructions or an alternative maintenance plan that minimizes emissions. [§ 63.6625(e)]

Recordkeeping Requirements — 40 CFR 63.6655
¢  The owner or operator shall keep records of maintenance conducted on the engine.
¢ Existing emergency ICE that do not meet the standards applicable to non-emergency engines shall keep
records of engine operation as specified at §63.6655(f).
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APPENDIX B

VENDOR SPECIFIC

Sage Environmental Consulting, L.P. B-1 Abengoa Bioenergy Biomass of Kansas, LLC
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Model

: C1750 N6C

Frequency: 60 Hz
: Natural Gas MI 76 +

Fuel Type

Emissions Performance NOXx: 350 mg/Nm® (0.9 g/hp-h)

LT Water Inlet Temperature
HT Water Outlet Temp

: 50°C (122°F)
: 110°C (230°F)

Measured Sound Performance Dala Sheet: MSP-1062
Prototype Test Summary Data: PTS-283
Remote Radiator Coocling Qutline: 0500-5092
: 100% of Rated | 90% of Rated | 75% of Rated 50% of Rated
Fuel Consumption {IS03046/1) See Note L oad g o
Fuel Consumption (LHV) 1S03046/1, kW (MMBTU/hr) 2,4,6,7 |4648 (15.87) |4184 (14.29) |3556 (12.14) {2546 (8.7)
Mechanical Efficiency 1S03046/1, percent 2,47 |39.5% 39.6% 38.9% 36.5%
Electrical Efficiency ISO3046/1, percent 2467 |37.7% 37.6% 36.9% 34.4%
Engine
Engine Manufacturer Cummins
Engine Model QSVI1G
Configuration V18
Displacement, L {cu.in) 91.6 {8591}
Aspiration Turbocharged {4)
Gross Engine Power Output, kwWm {hp) 1837 (2463)
BMEP, bar (psi) 16 (232)
Bore, mm {in) 180 {7.09)
Stroke, mm (in) 200 {7.87)
Rated Speed, rpm 1500
Piston Speed, m/s (ft/min) 10 (1968)
Compression Ratio 12:1
Lube Qil Capacity, L (gt) 560 {592)
QOverspeed Limit, rpm 1800
Regenerative Power, kW N/A
Full Load Lubricating oil consumption, g/kWe-hr (g/hp-hr) 0.5(0.37)
Fuel
Gas supply pressure to engine inlet, bar (psi) 0.2 (3.0)
Minimum Methane Index 76
Starting System(s)
Electric starter voltage, volts 24
Minimum battery capacity @ 40 deg.C (104 deg.F), AH 720
Air Starter Pressure, barg (psig) 10.3 (150}
Air Starter Flow Nm*/s (scfm) 0.37 (780)
Genset Dimensions (see note 1)
Genset Length, m {ff) 7.36 (24.15)
Genset Width, m (it} 2.11 (6.91)
Genset Height, m (ft) 2.97 (9.75)

Genset Weight {wet), kg {lbs)

21089 (46,493)

@ 2008 Cummins Power Generation

Specifications May Change Without Notice
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See |100% of Rated |90% of Rated  [75% of Rated 50% of Rated

Notes |Load Load Load load
Energy Data
Continuous Shaift Power, KWm (bhp} 2,10 1837 (2463} 1655 {2219) 1382 (1853) 930 (1247)
Continuous Generator Electrical Output kWe @ 1.0 pf 6,10 1750 1575 1312.5 875
Heat Dissipated in Lube Qil Cooler, kW {MMBTU/h) 5 264 {0.90) 248 (0.85) 228 (0.78) 194 (0.66)
Heat Dissipated in Block, kW (MMBTU/h) 5 474 (1.62) 442 (1.51) 414 (1.41) 347 (1.18)
Total Heat Rejected in LT Circuit, KW (MMBTU/h) 5 530 (1.81) 488 (1.66} 434 (1.48) 349 (1.19)
Total Heat Rejected in HT Circuit, KW (MMBTU/h) 5 564 (1.93) 489 {1.67) 406 (1.38) 281 (0.96)
Unburat, kW {(MMBTU/h) 13 124 10.42} 119 (0.41} 106 (0.36) 6 (0.29)
Heat Radiated o Ambient, KW (MMBTU/h) 13 325 {1.11} 294 (1.00) 252 (0.86) 185 (0.63)
Available Exhaust heat to 105C, kW (MMBTU/h) 5 1203 {4.10) 1087 (3.71) 952 (3.25} 692 (2.38)
Intake Air Flow
Intake Air Flow Mass, kg/s (Ib/hr) 4 N/A N/A N/A /A
Intake Air Flow Volume, m3/s @ 0°C (scfm) 4 N/A N/A N/A N/A
Maximum Air Cieaner Restriction, mmHG (in H.O) 36.70 (19.7) 33.03(17.7) 27.53 (14.8} 18
Exhaust Air Flow
Exhaust Gas Flow Mass, kg/s (Ib/hr) 4 2.89 (22889) 2.56 (20275} 2.16 (17107} 1.50 (11880}
Exhaust Gas Flow Volume, m3/s (cfm} 4 6.28 (13292) 5.62 (11897} 4.83 (10232} 3.44 (7277)
Exhaust Temperature After Turbine, °C {°F) 2,6 494 {921) 502 (936) 517 {963) 536 (997)
Max Exhaust System Back Pressure, mmHG (in H,O} 6,14 37.3 (20.0) 37.3 (20.0) 37.3 (20.0) 37.3 (20.0)
Min Exhaust System Back Pressure, mmHG (in H,O}) 6,14 18.7 {10.0)
HT Coaling Circuit
HT Circuit Engine Coolant Volume, | (gal) 424 (112) 424 (112} 424 {112) 424 {112)
HT Coolant Flow @ Max Ext Restriction, m*/h {gal/min}) 60 (264) 60 (264) 60 {264) 60 {264)
Maximum HT Engine Coolant Inlet Temp, °C (°F) 8 97 (207) 97 (207) 97 {207) 97 (207)
HT Coolant Qutlet Temp, °C (°F) 8 110 (230) 110 (230) 110 (230) 110 (230}
Max Pressure Drop in External HT Circuit, bar (psig) 1.0 (15} 1.0 (15} 1.0 {15) 1.0 {15)
HT Circuit Maximum Pressure, bar (psig) 4.5 (65} 4.5 (65) 4.5 {65) 4.5 (65)
Minimum Static Head, bar {psig) 1.5 (22) 1.5 {22) 1.5 (22) 1.5 (22}
LT Cooling Circuit
LT Circuit Engine Coolant Volume, | (gal) 295 (78} 295 (78} 295 {78) 295 (78)
LT Coolant Flow @ Max Ext Restriction, m*/h {gal/min) 38.00 (167) 38.00 (167) 38.00 (167} 38.00 {187)
Maximurn LT Engine Coolant Inlet Temp, °C (°F) 9 50 (122) 50 {122) 50 (122) 50 (122}
LT Coolant Qutlet Temyp, eC (°F) Reference Only 9 60.0 (140) 60 O {140) 60.0 (140) 60.0 (140}
Max Pressure Drop in External LT Circuit, bar (psig) 1.0 (15) 0 (15} 1.0 {15) 1.0 (15)
LT Circuit Maximum Pressure, bar (psig) 4.5 (65} 5 (65) 4.5 (65) 4.5 (65)
Minimum Static Head, bar {psig) 1.5 (22) 5 {22) 1.5 (22) 1.5 (22)
Emissions
NO, Emissions wet, ppm 4 104 104 104 106
NO, Emissions, mg/Nm® @5% O, {g/hp-h) 4 350 (0.84) 350 {0.84) 350 (0.85) 350 (0.90)
THC Emissions wet, ppm 13 N/A N/A N/A N/A
THG Emissions, mg/Nm® @5% . (g/hp-h) 13 N/A N/A N/A N/A
CH,4 Emissions wet, ppm 13 1575 1600 1710 2025
CH, Emissions, mg/Nm’ @5% O, (g/hp-h) 13 1840 (4.42) 1870 (4.48) 1980 {4.83) 2320 (5.96)
NMHC Emissions wet, ppm 13 N/A N/A N/A N/A
NMHG Emissicns, mg/Nm® @5% O, (¢/hp-h) 13 N/A N/A N/A N/A
CO Emissions (dry), ppm 13 590 530 588 582
CO Emissions, mg/Nm® @5% O, (g/hp-h) 13 1050 (2.50) 1050 (2.50) 1040 (2.50) 1020 (2.60)
Q2 Emissions (dry), percent 13 9.6 9.6 9.6 9.4
Particulates PM10, g/hp-h 13 N/A N/A N/A N/A

© 2009 Cummins Power Generation
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Genset De-rating
ARitude and Temperature Derate Muliiplication Factor

Barometer |Altitude Table A~
InHg |mbar |Feet |Meters |Derate Multiplier with Grid Parallel Operation
207 |70 9843 3000 0.75 |0.70 |0.70 [N/A N/A N/A N/A N/A N/A
21.4  |723 9022 2750 080 |0.75 |0.75 |0.70 |N/A N/A N/A MN/A N/A
221 747 8202 |2500 085 |0.85 |0.BO |0.75 070 |N/A N/A N/A N/A
228 771 7382 2250 090 J0.85 [}0.85 |0.80 J0.75 [0.70 [N/A N/A N/A
23.5 {795 6562 |2000 095 J0.80 085 J0.856 |J0.B0 |0.756 [N/A N/A N/A
24.3 1820 5741 1750 1.00 |1.00 [0.80 {090 10.85 [0.80 [0.75 [N/A N/A
250 |846 4921 1500 100 |1.00 [0.85 (0.85 [0.90 [0.85 [0.80 |0.70 |N/A
258 |872 4101 |126C 1.00 |[1.00 [1.00 1.00 [0.95 090 [0.85 |0.75 |0.70
26.6 889 3281 _|10cCo 1.00 |1.00 [1.00 |1.00 [1.00 ]0.85 |0.90 ]0.85 [0.75
274 |928 2461 |750 1.00 |1.00 |1.00 1.00 p1.00 (1.00 |1.00 090 ]0.85
28.3 954 1640 500 1.00 |1.00 (100 |f.00 (1.00 {1.00 (1.00 |1.00 {0.9C
29.1 283 820 250 1.00 |1.00 |1.00 1.00 [1.00 (1.00 [1.00 |1.00 1.0C
29.5 |995 492 150 1.00 |1.00 |1.00 ]1.00 |1.00 {4100 |1.00 |1.00 }1.0C
30.0 [1012 |0 0 100 [1.00 [1.00 [1.00 (100 100 [1.00 [1.00 f(1.00
G 20 25 30 35 40 45 50 55 60
°F 68 77 86 85 104 113 122 131 140
Air Filter Inlet Temperature

* Based on SAE standard ambient pr

essure vs. altitude. Assumes LT return temperature is 10C above air filter inlet,

Temperature & Altitude Derate

1. Determine derate multiplier vs.
temperature and alfitude in Table A
or B depending upon your cperating
condition.

2. Assumes the LT return
temperature is 10 deg C above the
air filter inlet with a maximum LT
temperature of 50 deg C.

3. lf the LT temperature exceeds 50
deq C, consult factory far
recommendations.

4. Altitude is based upon SAE
standard ambient pressure vs.
altitude. For low barometric
conditions add 150m (500 ft} tc site
altitude.

Barometer |Altitude Table B *
InHg |mbar |Feet [Meters |Derate Multiplier Off Grid {island or Load Share) Methane Number Capability
207 |70t 9843 13000 N/A  |N/A - INFA INFA [N/A N/A  {N/A N/A N/A Load {Percent of Rated)
214 |723 9022 12750 0.71 N/A N/A N/A N/A N/A N/A N/A N/A 100% |90% 75% 50%
22.1 747 8202 12500 0.76  |0.72 |N/A N/A N/A N/A N/A N/A N/A 76 70 B2 52
228 |77t 7382 {2250 0.81 077 {0.72 |N/A N/A N/A N/A N/A N/A,
235 795 6562 {2000 0.86 |0.81 [0.77 071 [N/A N/A N/A N/A N/A
243 |820 5741 1750 0.91 086 [0.82 [0.76 [0.70 |N/A N/A N/A N/A,
25.0 |846 4921 {1500 096 092 [0.97 082 [0.77 [NA N/A N/A N/A
258 |872 4101 [1250 1.00 |0.98 |0.87 |0.B7 [0.82 |0.73 |[N/A N/A N/A
26.6 |899 3281|1000 1.00 |1.00 0.94 094 |0.87 |0.79 |N/A N/A N/A
274 |926 2461 750 100 |1.00 |0.98 [0.88 |0.95 ]0.85 |N/A N/A N/A
283 |954 1640 |500 100 |1.00 |1.00 [1.00 [1.00 |0.22 {0.75 IN/A N/A
29.1 983 820 250 100 |1.00 |1.00 [1.00 [1.00 |0.28 [0.83 l0.70 [N/A
29.5 |895 492 150 1.00 |1.60 |1.00 [1.00 [1.00 |i.00 (090 {082 ([N/A
30.0 [1012 |O 0 100 |1.00 |1.00 [|1.00 [1.00 |1.00 [0.92 {087 [0.72
C 20 25 30 35 40 45 50 55 60
F 68 77 86 95 104 [113 122 1131 [140
Air Filter Inlet Temperature

* Based on SAE standard ambient pressure vs. altitude. Assumes LT return temperature is 10C above air filter inlet.

Heat Rejection Factor (altitude and ambient) for HT and LT Circuits

Barometer |Altitude Table C
InHg |mbar |Feet |Meters |Multiplier for HT & LY Heat Rejection vs Alt & Temp.
207|701 9843 |3000 111 [t13 114 [145 1497 118 |1.19 [1.20 |1.22
21.4 |723 9022 |2750 110 112 113 (144 145 117 |1.48 [1.19 |1.21
221 747 8202 2500 1.09 pHAc 112 (113 114 [116 (1.17 |1.18 ]1.20
228 771 7382 {2250 1.068 .09 |11t H142 113 114 (146 [1.17  |1.18
235 1795 6562 [2000 1.67 |1.08 J1.08 }1.11 112 |13 115 |1.18 |1.17
24.3 {820 5741|1750 1.06 |1.07 108 P10 14t (1142 J144 115 |1.16
25.0 {846 4921 |1500 .05 |1.06 11.07 1.09 {110 111 112 {114 |1.16
258 |872 4101 11250 1.04 105 106 [1.07 1.0 110 11 (13 |14
26.6 |899 3281 (1000 1.02 .04 11.05 106 [1.08 |1.0¢ 110 {112 {1.13
274 |926 2461 1750 1.01 1.03 11.04 |1.05 [1.07 108 109 |110 {112
283 |954 1640 500 1.00 102 1.03 |1.04 (105 107 [1.08 |1.09 {111
29.1 983 820 250 P92 [1.00 (1.2 |[1.03 [1.04 [1.06 |1.07 |1.08 |1.10
205 |995 492 150 0.99 |1.00 .01 103 (1.4 |4.05 {1.06 [1.08 [1.09
-30.0 1012 {0 0 0.08 {0.99 {1.01 102 (1.63 |1.05 {1.06 |]1.07 [1.08
°C 20 25 30 35 40 45 50 55 60
F 68 77 86 95 104 {113 122 {131 140
Air Filter Inlet Temperature

® 2009 Cummins Power. Generation

Specifications May Change Without Notice

LT & HT Circuit Heat Rejection
Calcuiation

1. Determine derate muitiplier vs.
temperature derate per above.

2. Using the multiplier from #1 above
as the percent load factor determine
the Heat rejection from the previgus
page.

3. From Table C find the HT and LT
circuit multiplier.

4. Multiply the result of step 2 by the
result of step 3 to cbtain the heat
rejection at your altitzde and
temperature.
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Alternator Data
Connection | Temp Rise Duty'' | Single Phase| Maximum | Alternator | Feature
Voltage Range | Configuration | Degrees C Cycle Factor Surge kVA| Data Sheet Code
380-416 Wye, 3 Phase 80 C N/A 7267 515 B829-2
480 Wye, 3 Phase 80 C N/A 7361 334 B653-2
440-480 Wye, 3 Phase 80 C N/A 7695 335 B588-2
416-480 Wvye, 3 Phase 105 C N/A 7695 335 B627-2
600 Wye, 3 Phase 80 C N/A 7361 334 B589-2
380-416 Wye, 3 Phase 105 C N/A 7361 334 B831-2
440-480 Wvye, 3 Phase 105 C N/A 7361 334 Bg32-2
416-480 Wye, 3 Phase 125 C N/A 7361 334 B654-2
440-480 Wye, 3 Phase 125 C N/A 6716 333 B650-2
600 Wye, 3 Phase 125 C N/A 6716 333 B651-2
4160 Wye, 3 Phase 80 C N/A 6335 518 B590-2
4160 Wye, 3 Phase 105 C N/A 7926 324 B834-2
12470-13800 Wye, 3 Phase 80 C N/A 6800 522 B591-2
12470-13800 Wye, 3 Phase 105 C N/A 5848 521 B484-2
13200-13800 | Wye, 3 Phase 80 C N/A 5948 521 B656-2
Continuous Rating Applicable for supplying power continuously to a constant load up to the full

output rating for unfimited hours. No sustained overioad capability is available

Definition for this rating. Consuit authorized distributor for rating. (Equivalent to
Continuous Power in accordance with 1508528, 1ISO3046, AS2789, DING271, and
BS5514). This rating is not applicable to all generator set models.

Notes

1) Weights and set dimesions represent a generator set with its standard {eatures only. See outline drawing for other canfigurations.
2) At ISO3046 reference conditions, altitude 1013 mbar (30in Hg), air inlet temperature 25°C (77°F)

3} Nominal perfermance +/- 2 %%.

43 According to ISO 3046/ with a tolerance of +5%/- 0%

5} Preduction variation/tolerance +5%

B) At electrical output of 1.0 Power Factor

7} Tested using pipefine naturat gas with LHV of 33.4\4m.J/NmGx (905 BTUA)
8} Outlet temperature controlled by thermaostat. Inlet temperature for reference cnly.

9} Inlet temperature controlled by thermostat. Outlet temperature for reference only.

10} With engine driven coolant pump

11} Standby (3), Prime (P), Continuous {C) ratings.

12) Maximum rated starting kVA that results in minimum of 90% of rated sustained voitage during starting.
13} Telerance +/- 15%.

14} Exhaust system back pressure is a rated load and will decrease at lower loads.

Cummins Power Generation Cummins Power Generalion Cummins Power Generation

1400 73" Avenue NE Manston Park, Columbus Avenue 8 Tanjong Penjuru

Minneapolis, MN 55432 USA Manston, Ramsgate Singapore 609013

Telephone: 763 574 5000 Kent GT12 5BF, UK Telephone: +65 265-0135

Fax: 763 574 5298 Telephone: +44 (0) 1843-255000 Fax: +65 264-0664 or 265-6909

Web: www.cumminspower.com Fax: +44 (0) 1843-255902 Email: mklg@sing.cummins.com
Email: gpg.uk@cummins.com Web: www.cumminspower.com

Web: www.cumminspower.com

Generation
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POTENTIAL TO EMIT CALCULATIONS

Sage Environmental Consulting, L.P. C-1 Abengoa Bioenergy Biomass of Kansas, LLC
October 202 ABBK Hugoton, KS Permit Modification Application



uonesniddy BonesgIpoIA JIwiad ¢ ‘uooSu Haqgy 1101 28ed Z10T 4290120

2771 ‘sesuey] Jo sseworg ASmuaorg voduaqy 'd71 ‘Bunnsuo)) [BIUSURICHAUY 98y

ERP'GL f 0TE | PL9E | 89°E | L €SE6 T FERLE | FS'9TE | 0€16L | 696161 | EL°6T0°L: 7 §101e32m D b 1TV WAL d[1-3aeg Japi0g SuLng [v10L

vEL $r'0 - #L'0 190 | LEOOD 6LF £90°0 £90°0 £90°0 P4 198 10je10UaD|  0F00Z-dd

FEL SF'0 - ¥L0 1967 | LE000 6LF £90°0 £90°0 £90°0 i 105 101129 0E00T-dd

PEL <0 -- $L0 1961 | LE00D 6LF £90°0 £90'( £90'0 T#198 I0BIBUALY,  (Z00T-dH

FeL SH0 - ¥L0 1951 | L£000 6L'F €900 £90°0 £90°0 14 105 oEmany]  0100Z-¢H

8191 L16E FL'GE L0 6018 | cevie | 6€L01 | SOT6L | ¥¥616 | 8F6TOT PROT PR0UPay %0€  [# Ieliog 101§ pang-ssewiorg|  [000Z-dH

9967601 [ 088 [T00e [ 058 | 00t | verore’t | oseie [ 04 66T | 6UCSTE | 95°€F9°C | o PROT UBISA(Q [BUTWON JO 94071 - T4 SI1I0g JIMS PIILI-Ssemoldi - 1000C-dH

oD SIVH DH DOA oD 05 "ON SIND | YT nd {Shugy vowssIWH|  -oN Jurog

+%0D el | -dVH uoISSIITy
BRER (4| 3wy

QLA D) AT UG 110 T:0F [F1u10d QUTIOYINODND




uoneolddy WONBSIHIPOA NUUS] § “TOIOSNH MqgV [Jo | sdeg ZT0T 12q000

DT ‘sesuey 10 sspwiory ASisuso1g voSusqy ‘&1 “Bumynsuo)) JEjemmonAuy afes
CERPSL [ 66T | L0 e ESES L L reoe stz | oere ] ery ] ey ] o e L L SInRaama ¢ IV WAL 4(1-11EIS Japog Buling €10,
FEL 0 -~ FLO 19°¢1 LEDD0 6LY £90°0 £90°0 £90°0 F#1es euah | 0y00T-dd
FEL 0 -- FL0 19°¢1 LE000 6L'Y £90°0 £90°0 £90°0 £ 125 t0je1euan)  QE00Z-dd
YEL v - FL'O 19761 LEG0'0 6LY £90°0 £30°0 £90°0 T# 128 0j_RURD)  0T00T-dH
FEL 5¥'0 - PLO 1961 LEQDD GLT £90°0 £90°0 £90°0 1#135 101RUan!  Q1002-d3
3¥591 6L LED TL0 60'1¢ 66'6¢ 6t L01 86't ¥k 9 PEROT paonpay %08 [# 19110d IO palld-ssewold|  1000T-dd
29965601 | OT'F QT | 88T | Hp0'01T | 91900 |..98°L0T . | 80FL- | 66°pT |+ LLST |+ PROT UBISA(E [BUIMION] JO 94,071 [# 1[I0 12301g PAUA-ssemOTH |~ 10007-dH
*aD sdVH | 1DH D0A oD ‘08 *ON TWd | "Id Ha (shyup vorsstwd| o Jur0g
+500 [e304, - dVH uolsstury
g JBurg

2 CHH/ET) ALBIEINS W 0L (¥R UNOL. R TOHEINOD




uopeonddy ueTeoLIpOIA Nwad §Y ‘unedny Mgy
DT “sesuwy JO ssewolg ASmausorg voduaqy

1Jo | 98eg

Z10Z 1240120
“d77 ‘Bmnsue)) [euaumonAug 28es

‘S]ESUMST pe 2uTsseq SUnyew pue ‘ssuieseq FUT[SI[qeIsS ‘SUCTSSTUIS SIUAUIN 9 BUIIINLILND USYM Y y§ 3Ul woy
sdmo asn o1 spuedionmd sarmbat AnsiTay UoToY STRTIN) YRIGTTE D ST 207108 [RTOTRIIaNT MM AITa]STSToD TITTEW o, ', A00ains,, {0 oY) Jo anfes o6} WITIIRTE 9) 5[} 94} PUE TOTISAIIOD TRUOIRIIIEL
Aq PIsTLTTES 218 S0 YV Taaamol] T0)) Jo Fa1oao) SANRIPRI Jy) 0 uonemojes paacidu ue puE sownag susydsonle UG UOEULIGHI M3U 1991 0] S4 MDD 24) PHSUDE Yols (v Moday memssassy
P, 1 paysiqnd DD g1 9 ‘100z ul ‘(IvS) nodey aremssassy prossy sil I s35ed esnoqussid pamsesn ATUOUINIOD 15010 Y 10 sd M0 3O 195 ¥ pausnqnd 041 213 ‘9641 U] ‘$e8 ouasapal 1 se 1)

Fusn ‘D10 raa1d e Jo syoope FuToro] aaeIper sanelar padelaae Apuqord sy Aynuenb o3 (041) sFueysy gpetun)) vo jpue (rusueAcda) ay Ag padopsasp aram (B 0) sTETUNO SuTumem TRQOTD (T)

{JHOHD) werdorg Funredsy sen

ASHOQUBALY 311 JO [ IGR], 6 1= WD 0F WO PauTelqo §7 *A[5a00adsal ‘G04°CZ PWE 0T ‘1T 218 °4S PUB OFN HD) 10F SIMO YL "M07aq T 3101 335 {gmD) [enuaog Sumue s [2qoi0 5,568 2o)-uot sy

Aq perdnmu st se8 Zo0-uou o1 Jo ssewn awp Juapeamba £ syl ampmdpEs 0y, (970 warAmba T Ao

0] PAIIBALOS 213M s35BT 2834 JO §2RUTIIST SSEME A1) Sased 1))-U0u sjenjeAs pue suodioaur o
V101 P e 1 P 0D [EAS 101 {1

vEL WL PEL PEL: S L REST L 996607 . 9700 + 200 [W0L
0 0 0 9 0 0 (o WERRAINDY €070 <= 48
0 0 0 0 0 g °d8
0 €70 €70 0 o1 9EF'T (y TOaT2AIDE Y00 <= OFN
0 FI00°0 71000 9 £0°0 < O
0 620 670 0 L It i THemBaAIbE 'O <="HD
0 ¥10°0 7100 9 [§X¢ 43 "HD
€L T'EEL £eL €L 78591 68L°201 ‘oo
p# 198 I0IRIFID [ €4 19G A0JBIIUAL) | TH 13§ JOJRIUAD) | [# JI§ A0JRIIUIL) peoy pee udsa(q sjuelnog
PImpPIRY % 0¢ [FEION 36 % 07T
T# 21109 101 T# 91109 130
pAIg-sseworg PAAL-SSB WO
OF0GZ-d 3 0£007-d3 0T00T-40 01002-d31 10002-4T 1000Z-d1

FH(IH/ZTD AR EnS. O 10




T10T 19q0120)

uonEs|ddy LONRIYIPOIN TuLad §3] WORENH NELY orJe 1
27T ‘sesuey Jo sseworg A31susorg voduaqy "J°T ‘Sumynsuoy jeramnonAug ades
(54 00% L0°L 7095 8L 091 14} 000°79T [ # 189|104 301§ Pall {-SSEWOLY) 1000T-dH
(> 3p) {d 3ap) (5/m) 5n3) A a3 (ur) (g2} 92IN0§ UOISSTHIH] a1
aneisdwia Bxy sen AJIDO[SA SBD) vaIy Youlg | JSIRR] asea[ay] { ISjourey qovg oy

‘S[RnpISSY HE TYNINON o padde fayes §0 10108f 9407 S9PRIOU] “PURLg [Ty ISV LEUOM WILULNE 10 pases]

IAMY 09478

TMHININ Q0%

o SRR ARIN0S

suanerad() fenuuy
s - indup sH 000z BTV [E1e],
BIRTIOE PRIL-SPIOY 1O _qunN

‘Ayoedes [entue 588 TBINIRU 40| UBYL SS3] 0) PRAIWI] Jofiog
‘[EUOREISAO B8 S301ARD [O0U0S US-PPE 31 uaym 21qissod aq A[Uo [ souenaas BuLly 1910 [y
'SI0TASD JOINIOD UO-ppe Lu Jnoyis ‘Ajuo sed feIneu Jo Yonsnquios #() uo peseq aaw suoissiue | dn-1elg  aInyie] [an] pIjos e Jo jusAs o) m sedorq pus (dniAs ade[[us {g 9°1) 1oy pnbit ‘sed
[#IMj2U J0 UONEWIINCS ¥ U0 FUTHJ ST [[2M S8 ‘PIpaau se sucnelado [gwiou Junmp sed [exmet uo iy Jo a1qeden aq [T I3[10q BY0I$ Paig-sskwolq 3y} ‘sed0lq pue §seworq SULly 0) ueHIppe uf
“SHORISodW0D [31) PIPUa[Y 1RI1P AJE2I2 SOLENS0S [N JUSSIFIP 33 25NEDS] JURISU0I Urewor 10u s90p mdur ATy snes Supesy 10ydry sy, pajsrodeas Uaaq SBY SINSIOW (o1

211 Jae aneA Sumeal] Jamof fony ou Aq parddns sy prewep A31eus ayy, purwep AF19uS JUBISUCO € saImbal yoigm ‘pelelates ST TIRNS JO JUTLOWIE JUEISUCD B *30UR[Eq [0 91 0] "SluswaInbal
puRmep Urea)s siwerd 2] vo peseq Jureq juelsTos siseq ud1sap 12710q [ENI0E 21 01 9N OLEULIS TYDIJAL [EUIUOT 21 01 HSV D ISO M [BURUCU S1) WOy I3YJIp SAUN[0A 3181 pas] eord 4 sy
‘suenesado oFe101s pue adA anpisal Jo Iupuadap %M S/ 03 § WG AIBA UBD SJUSUOD SINSTOW Tan Sy,
6007 Amenueyp ‘g uolsa, ‘joo0iold Sumeday [eremen (voD) ANSIEay Uonoy BN RIUIGTITRY)
"pata1duzos Ua3q 1OU SEY WIA1SAS 12[10q JAY01S PalTj-ssemotq 211 30 Sunsawdus teurd A PUe nonrsodod “a1el [an] popuaq SUNLIAp 0] Pasi 2P0y UoneIauddod INGV

‘sedolq sy urory sjgeriear £51aue ayl sznundo 0) WAJSAS JUAANEAT) 1S]BMIISEM ST WIOI] We)SAS ISTI0G I9Y01s PAIT-s5euIolq ot o) paiddns aq f{ua [a1y snossen

“12110q (1230)5) 23018 Buneigra pajoos-1aem (1) QU0 JO SISISUOS WRISAS 19[10q PAII-SSBLUOTq 31T
€007 1qudag ‘Uonneg euL,] ‘SIajIog Ul UOTISNGUIN)) I0PISIY POOA, §'] UONIRG Th-dV

o 7Y

SISV

IONEINENN0Y) I




uoneaTddy HOMEAIpoN Nwidd §3 ‘uojodny ALY

0717 ‘sesuey Jo sseworg AZrousorg sofusqy

o1z 10T 12010
41 ‘Supnsuo)) [elEpwmonAuyg ades
60008 LLT TL08 S0'E9 6 0£1 79T (TIgAUN) 481805
2Pl P81 9761 8 £l 0571 9L°¢1 (ucy Ap/MmgINAD ABH
Ly8RLL, SUTs 1156 02679 0sT'e [ (q1 fpmig) AHH
PUNE P ASYD LSHOM WNIIXEIAT G s DAY SN PRUIUTG))
$59'6Z1 052’1 S6F'S 81,01 006°L¥ 16204 (I/Q] 19M;) 918y Paa]
£2°C18 9t 789 £'601 Pi5e Ly3¢ (Aep/uo) AIp) 1y Paa]
YoR LY 95008 Yol ¥ Ea! %5008 b ¥ 21 STOTA
0001 0001 0001 0'001 0001 G001 o TEI0 T
1€0 1070 00Q a0 S0 0en AULICTYD)|
86'CI 08T 000 9Ll 9p'9 7181 US|
860 O 3070 FO0 9T, £L0 AOJAS
Sl £5°L 000 OF0 861 LET uaHoLIN]
£8'FE T('6E 6F gh PESE 651 F0'ST uaB )
179 289 166 i 19 879 uaFospiy
56Ty SO8F 99 L 0¥ 36k 91'8F HOGQIE )
(RN (%m) (o51nt} [CARY) (2;10) (951) (s158 AKCT
SSBIIOIE 2ATpnIS JIMM sedorg a0l UI10D) | duzdg adequs adems yusuedwor 20 4}
papustg Ul HA YOIy-Uusi] Hy
pung P ISV LSUOAMN WnMIXely . suonEjadg sy paUIquIo)
0Ly €T LTk 98901 11601 £5°01T (IU/MSTNIAD AS1ug
98'F1 SF81 9261 ¥8€1 051 9Lt (0} ATp/AL NI ATTH
SETEEL §TT's 196 0769 08T’y 088°L (9 Apmig) AHH
PUlg 1N TVOIJAL [WUITION SR 1 “;..w..wcﬁ.&a.:&..m»:_nﬁ.ou
Ter L]t 05Z°1 6L5'Y LOTB1 L16'+E 6LS'8S (24/q] Joat) apey paag
0T'1LL 0'¢ L'TE £581 60T 90TL (Xep/uoy iip) ayey paag
%L St 30008 2l t Y6051 Sl (1% Yot PE ISIoA]
901 0001 0001 0001 0001 0001 b (B30,
Fe0 00 000 [T0 50 $E0 AULIOTY )
£5°¢1 0¢T a0y 6L'LE 689 L0871 sV
980 00 8O0 ) 9T €0 g
0F'1 £ L 000 0y'0 86'1 LLL uagoIN|
68 Tf 1£'5¢ R PeSE 5E°LY PO UIBAX()
NEe 889 LG'6 £ [ 8T9 uaE0IpAT]
89Cr SO'8F SF'9p FLOF 86'FL 9L'8F HOQIE )
(Gl (571m) (o1 [ (el [CAY] (s1seg K17}
SSRUI0IG 29pilyg dLmM seEdorg wa0g wony | doudg oFems 9FRINS Justodwio]) [an ]
papuelg uq L HE YA -UIUBIT Hidl

Pu3alg 1204 TV IdAL [BUILEON

sueryRRg SRu g pIUqUo)

IO A0IS PSRN




unenesiddy ueneoipol NuNad S ‘Uolodn I Naqv

D11 ‘sesugy jo ssewelyg £S1ousorg voduaqy

olJog Z10T 12q000
“dT ‘Sunynsuos [ejusmronAuyg adeg
08'15¢ 00°0 06T 60°00% 000 10601 000 (Mg AZ2ouz
[ARAE Sr'81 9z'51 oy PEEL 05Tl oL 1T (ot A1p/mFINING AHH
T1790'11 §TT6 109 091°0Z 0z6's 0579 0ss's (1 Aap/mg) AHH
[A[uQ spand snoaseny pus (dniig a8e[ng [A *3'1) pabry| puarg [an,g aJunfie] [ang pios edhainon ot AU ST PG UL))
129°0% 05T'T [ $T6'6 0 L16FE 0 (R0 19m) 218y paay
18¢ 00 LTS 1611 00 $'60T 00 [(Aep/uoy AIp) ayey 23]
%89¢ %0708 Sl'y %100°0 Y051 440 0% Ry [SIISIOIN
00°001 0001 0001 0001 0001 0001 0001 2014 TE10.L
620 1070 on'Q 000 1270 50 L SED SUTIOTHD
15°¢ LT 000 000 6LLT 689 LO'81 sV
S 00 800 000 FO'0 [©X4 L0 gy
s £FL 000 06Tl 0F0 861 LLL usHonIN]
67 TE 1£6E [ [ FESE GELY 70'$T [ELISTS!
$T1l 889 L56 $8°0T 'S [ 879 uedoipAy
06'Sk S0'3% 99 819 PLOF 861 91'8F noqrery
(351 (95m) (e (2614) (%614) (951 {%14) {siseg A1)
ssEwoTg TpnIS dLMM sedorg SEL) [2INJEN 10015 uio) | dnifg afenng adequs wauoduwe)) (a1
PaPURg UL HE UoR-URIET] HY|

[41uQ spany saeases) pue (diuds oBeqs gy 21} pmbry] pusgg [pug ainypey [sng piog

- i5u0rEI13dS S|Pn T pautquie])

AN 1018 DAL -SSEmalg -

1000Z-dd




uoneaTddy woEIIpOA; HULR] S ‘umodnyg gy

oljetr 2107 1290120
017 ‘sesuey Jo sseworg A3ousorg sodusqy J1 “Funnsuoy musmuenAuy afug
€10 00°0 FO0 000 000 100 60°0 (g AB1oug
[IEDINS SLG £5°L1 6LITE LIFG P TOLSE [S1.87T  |(UW/0W-qT) MO SMIAWN[0A
e 306t 08'6EC0T L10 619 610 100 (qyid) AHH
SIUDA $SI00I] FEEY I JuaA FIETY e p SB0) s JMSIBLT [ R nm\-u.nﬁ ST A" S80I
Uvﬂ.ﬂQEDU BT, BIUOUMLY WopeRo T [OURULH wc_:uﬁwm mmm—:um UQIIEDIJLIRBYDI RS Ho#wm_wﬂo.—m £T0OT ¥ZOZI1 o
6161 + 9161 €ETT GTOST TT091
LTLT -- 0180168 [ 81 [543 6 T0L'SE 78T (Ju/1ow-qr) (BJ0 ],
- - SO'00S°T 00 £0°0 14 9 [%a 1001 SLISUT/OYH SHAUTLAE A
51'9T - 001811 ¢ SO0S L L0 o1 GET°L 1 0D aPIXOL(( UOGIED)
- - £9°0 0 090 0 0 0 0 Yo S[IO) 1ost / 872
10-9€T°F - €18 0 FO-ANT'S 00 £00°0 10 8 OHD Jeangmgl
10949 8550 (R4l 0 o 0 00 1 g1 esie] pioy onaay
10-50¢°! 191°¢l FO'E 0 |5 10070 0 0 $0'0 HOSH®D Tousty|
- 0eETT 00’0 0 0 [} 0 o 0 0 SuBH|
000 6LET 10°0 FO-H0Z'] 0 0 10 0 £000 "HD SUBYDA
- 2996 €00 £0°0 0 [} 0 0 o YHN EIUOWUIY|
90 FO-HOD F rO-H05"T F00 010 0in o0 ‘ON SPIXOKT HAFONIN]
- 0012 S10 FO-H0E 7000 20070 £0°0 vO'0 L0 S°H apiyhg ussorpiH]
- - QEFILLT 0g0 4} €T 19 6119 Fel uEdonIN]
- - 01°999°L K¢ Z 69 L1 [T L0k uaBAx()
{iy/row-qp) (qumga) (1g/9p) (gan) {T/qn) (/qr) (e (p (yrqq) siauedwo] [2nd
UogIB, AHH SIUSA S8330%] wag W FUCTY W R SECY B 32183F I
1neuedwon paTIqWo]y HiUd |, Bruoumiy mopear] joueyyg Buipuey oFeng | wowsogueqoodg | somBedoid £7o91 IO
BI5E + 9161 £EIT 9T061 71091

LMOL SHIIA 85300.L ]

A[IOF AIHOIS, PIU -SSEINOI L0
EUT600Td T .




uoneoddy EONBIYIPOIN NI S ‘uolodny MgHY 01l1os 10T 1390120
T ‘sesuey Jo sseuorg ASrousorg vodusgy ‘d 7 “Gunnsuo) fEueurnonAuyg 29ug
€0°LT = FFIN 32 1 Be 1amnajopy [0'82 = 0D J0 YBI3m IENO2[ oy
MO SSTHIDI0LS U0 pasey MEATLISP 07 0£66 =A #0[§ ITHAWOIYII01S UO pase MEOATAFOSP OF 6E06
wdds(5os/qr) 80-FLLO TV ¥ = ("HN o) 3 wddr(yosaT) 80-HST'L =00 o3 %
wdd [ == jospyap (A0 WBFiop FENOSIOI X 60-TH5'T) WOISIPAUCY FEN = Y wdd | =325p/q1 () 1F1a J2[M32]0W X GO-HES T) UOISIAAUGS Hun = )
% £ =09 % €
1esedolg Topuay wdd §7 = EHN Jesedald rapuap wdd goz
‘araym ECRCHEN
((C0%-6'02)8'0T) * () % (1) % (wdd) = (mEgpan 42 (Foves0zlie0T) x (4} Of) x (wdd) = (ML) 13
'SMOTOT S8 MGIATA/A] 01 pauaauos (wdd} uoifpw sad spred oy BN L0} £1039€] UOIsSiLy (7) 'SMOIAY $¥ EAJALGE 0 PtiAu0s (wdd) uoljiw Jad sired ut 9 107 s101agy notsstug (f)
(MEININAOTN 4 T500°0) 8°D 21981 AVDD 6000 9ty - O'N
TanJ 121109 SIGNSTYUICD ¥ ST SUBISR (UGN 3% 220°0) 8D QL MV ID TL0°0 FTEE u THD
0 03 BOQIED (SN UOTSIATOT 95001 - SUOHE[NI[ED FUISAUIIUS ¥LIALID (9N Ja7i0g 09Iz P6°€5L 101 £6°661°1 _ (AN Q) seO [emiBN
sjuen[[0d DHD
“22In0s [a7f sn09sed Riog YN sepnyou] dis FHN awdd ¢z patoipaid - 7 s3oN| 87100 £0°9 - ‘HN
voieEl]  SO-HOS' b 700 aBEaN | 20000 pea’]
‘POGML 1241 PUR HIEQ ‘UCTISTIQIUAY SNPISA2 POOM W04 [AL J1GI5UIPUS)) 1-9'1 *19EL LI0D 10°% - J[gIst=puc)) m.mE&
POCM 198 PUB ¥IB] UOCHSNAIUOD IMPISII PAOM WY A Fiisuapuo)) 1-9°L A]qE L, LID0 10°% C S1qIsUSpuc’y EE&
“Poom 1am PUe iBq 'UCTISIQINON JNDISII POOM WL A 21GISUSPUO]) [-9° [ RIqEL L1090 108 - 2[qIsuapuo)) Wd
‘PUA[Q FoTY JO JUBIUO0 YSE PISEAIDUT JOF FUNCIOE 1-9'T 99l 85 18°0FL°T - sl STad
01 pEISNIpY ‘POCM J9M PUB NIBQ 'UOTISOORIOD BNPISAT POOM WY £ e 2KRISI L]
*pUA[q 3T JO JUSIUAD (ST PISESIOUT IOF JUNOIDE [-9'L 2[qB, LL9 66'981°¢ -- QqeIanrg S
03 paisn(py PG Jom PUE jIeq *TONSRIIOD anpLsal poom oy Y s[qeraid
"pua[q [a0y JO TURUOI YSE PASEAIIUT IOf HINOI0E [-9 [ 3[qEL 85°L CHE9SE - QeI Wd
0] papsnipy ‘POGALISM PUE NJB] ‘UDYSOQIUGD SOPISIT POCM WOL} AL SIEIAN L]
Y018 IO TORSTIQUID (ST JR[IILS L1070 13'8 QjqISIEeN cT0 D0A
Wio/F e1ep 353) sousuLiouad ue PIsEG 1a]10q 190]S WAPOW JO 5T 10 ADUAISIS [OHLU0D %04 ‘€-9'T 2q8],
"B [} FIUIPISALXNOYILY 2FIT] “FUIXIW IB/[31] ‘Uonsnguied patels saouoend T0 79°¢0] OEHNEMUZ €TE QD
UOUSIqos ulpoly  Tesodosd 10pus ol FBY0IS 18] UOYSIQUIOD [3TF TEIIUNS 1Of ) PAVIP3AL '] JON|
FOSUH 91708 HOISPALD 9,001 PUE SO 01 UOTSIAUDD FOS 96k B0 Fased ¥LO 89°L9 - (V) 'OS'H
(XQF 01 UQTSIZAUGD § |3 2400 [) Tuss) OpuaA WO 194018 10) LOHSTGUIOD [Tl JE|ILNS 10] XOS PP S¢T 5 S0T°1 1050 0F +E 0§
“NON BUILISY] SZILINILI 0] UONSNqWIOD PeSES (XON O) UOISIAATOD 0.0 61°6TS PRt 710t XON
N 1213 %417 Apewrrxosdde) pesodoid Jopuan wiosy 1a201S J0J UOHSNGIND (30 JETIITS 1O} XON PaloIpaly
saoN]  (ENIN/AD (u/qp) Qg/qy) {uoy L1p/qr} SIEIN|[0d BURILL)
[e10], SIS A 5520014 [sreny peuiquioy ‘810308 ] LOESSIAIY

J (PUSN PRI TV I AL 1EURI0N } SUOISSIMF - IA]104] 19 0] DAL T-SSEII0Ig .

II0F ATH0)S P -SSEWOIT




uerreariddy uonRaLIpoA e S ‘UoI0SnL Ty 01309 TI0T 290

T ‘sesuety 10 sseuiorg AB1suso1g eofusqy ‘d' T “Sunmsuey) [euanuonauy ades
-- 1161 9t 1161 9c'y %0 O'N
- 655kt FTEE 65°SH1 yTEE %0 YHO
- 1695t 95L 101 1695kt 984101 %0 Q0
SIUEIN[[Od DHD
- ¥0'8T 079 - - %0 FHN
-- 010 700 010 200 () pes]
LIOD 80'5¢ 108 80°SE 108 %0 S[qISUBPUO]Y SUAd
L10°D 0S¢ 108 §0'SE 108 %0 AQISUIPULDY Yd
LLOO 80°5¢ 108 80'GE 10'8 %o} S[qISUBPUOTY Nd
ZI00 10'+¢ 8F'¢ 9L OO 18°0FLT %4866 qRIL] SN
1070 64T LES T06s6°ET 66'981°¢ %866 S|quIngty RE
S10°0 L7718 PlL TIHEG'ST £F'6O5°E %866 3[qrIaL] N
SO0°0 75'01 or'7 LO'SE 107 %04 D0A
08T £8'ESY T9E01 LRECtH T9°E0] %40 00
1000 96T 390 €967 89°L9 %66 (HVS) 'Osta
88T°0 8¢'L8E 7188 TTHEY PSEOT°T Y%T6 ‘08
08£°0 78781, gL6L1 S6'9ZF [ 6LST¢E %5t *¥ON
(A gAyan) (1Ajuay) (20,97} (14/ucy) {y,qr) (%) SjuBRIny[of BUSLIY
1ovd pajonuoy PA[[0Hu0USY Ausragd [ Ll DR DU AN TTY DI AT TRUTIION
9[04 103§ padtg-sseworg I9[104 19Y0IG PRITI-sSerolg [onua’y ARSI i L : :
1000T-dd 10002-dd

cni I3]0 ON0)S PR -SSEWOLY:
GO TO00 T




uoneorddy TOTIRIIIPOR 1IIag § ‘Uol0SnH Yy

or3o L T10T 2qe00
1] ‘sesuey] Jo ssemong £31aus01sy voduaqy 1 *Funnsue”) [BULIUoIATY a3es
E0°LE = YHIN JO B 1em Tenos[of] = 0D 30 W Tenoe[o
#4Q[J OLISTOIAIONS U0 PISEY WIGAINAOSP 1£'8866 = MOTT SINBWONOIONS U0 Poseg WFINIAAOSP 1£8866 =4
wddi(as/ar) 80-ALLOTP Y = CHN 39} 3 wdd(gosqr) 80-H5T L ={00 g
wdd | = yosp/qr (N} 1YTI2A4 JRMOBICIN X 68-H66 7) "UCTSIAAUGD 1IN =3 wdd | = gospygy (V) TR0 AL JEMIS[ON X 60-FAS 7] ‘UOTSIBATND JUM =
% £ =0 =%
[esodord JopuaA wdd g7 = PRI esodorg Jopus A =00
‘aIsym EICTTAY
{Covr60The 07) % (4} x (1) % (uddd) < (MENIAAT) I8 (0% 02)5'02) X () % D) % {med) = (MAp/an 48
SMOT|0F SE TUEININ/] o) pateanco (tadd) uorie sad sped w fHA] JoF s10%08f uorssiEH (7) 1S/405[0F SB IFIAIALY] 0 porieatoo (wdd) uorpiw sad sued wr QO JoF S1030E] uerssly (1)
(MEPIVO™N B Tr00'0) 87 9[RL HVDD 600°0 £9F - O'N
PPN I9[10q SqUSNqIIOD ¥ ST (MEMIATHD 1 £60°0) 870 A198L ¥V00 1L0°0 6T SE - YHO
‘TOD 01 UDQIED [T UOTSISATION U500 [ - SUCTE[no]es Futesuifve eualo [ang Jajlog +5'¢1T +FGRLLOT £6661°T _ 0S1°¢ fele]
sjuem{pod DHO
32In0s |any snoased woly YN sepnyouy dys RN awdd ¢ paapaig - 7 910N &2I0°0 £F'9 - mEZ
POTARL[  S0-H08 200 slqifgBaN | £000°0 psal
‘POOAL 32 PUE JTE] "TONSTIQUIOS SNPLSS] POoM TUAY ] 3qISuapuo] [-9°[ 3|qEL, L10°0 058 - AQISUIPUOD) e |
‘POOM J3M PUR HIEQ “TONSAGUWIAs aNpISal poom AT} N J ajqrsuepual T-9'[ 2|98l L10°0 058 - J[QISUIPUOD Ol
"PO0M oM PUR }IEQ "UONSNIQUIOR SNPISAI POOM WOL) ] 2[QISEapUa) 1971 2|qe ] L1070 058 - [QISUIPUOT Wd
PUS[Y [9NF JO TUAUCD YFE PISTIIOUT 107 UNOSIE 1-9°1 3[qEL| 5% 0T 16L°T - Qe SNd
©) PAISHPY " POOM 1M PUR NIBQ VONSIQIOD SMPISa] POOA urdlf SN 91qEISY ]
‘PUS[q] [anF JO JUSIUOD (ST PASRIIOUL 107 JUNOIaE 1-9°[ 3|9El1,| aF9 mm.mvmnm - Iqel=id G_En_.
01 pASTUPY PO0M 19 PUR 317Q ‘UONSNGWIOD anpIsas poom woll YTAg (Al
PUS] [N JO JUIIUOD SE PIFEIIO 10T JUNCIOR 1-9°1 SI¥L LT m.o.m.,.mmnm - J[qeIig Wd
0] pRISN[pY POCAL J3M PUTE NIeq UONSTHGUMIOY BAPISST POOM WAL} T S[qERNLT
“I2%§028 10f UDIISAQUICD [9ny IB[THIS L1000 05’y 319 ,_m:m.vz S0 O0A
WOIF BEP J593 souvuUeped U0 Paseq 151104 IN0IE TIAPOLT JO 950 10§ AQURTO)e [ONUO0D %40 ‘E-0 ] 21GT],
LT SOUBDIEILXO0S.1] 9858] "FUINIW H¥yfary ‘TONSNqUIOD padels ‘saonoeid) Zen w011 SIqIANIN cT¢ (o)
TONSHQUWIO) WSRO [esodold Jopuan 0y 16018 10) UDNSROWOd [AR] JR[UUTS 0y (7 pHMpalg | 310N
FOSTH 01 S0 UOISISALOD 94001 PUT FF 01 UOISISAN0T E0G %p UO Pase 91°0 £2718 -- NvS) FOS™H
{XQ§ 0 UCISIZATGY § aNF 9400 1) FUNSal JOPUaA O] 12)01S JOJ TONSNQIN0D [an] JRILUIE 10 XS PAIoIpald] S97 26 O7ET 10€°0 0768 0%
KON {EWI8ET dznuiuna 0) Lonsnquiod padelg (XN 0 uoERAD 9.°0 SCLLE P90 [AE1 KON
N [P 25 [ Ajarewnxosdde) jesodold 10pua w0y 195018 10 UOHSTIINOD |20 IB[IUNS 10§ XN PRIIPII]
SNON| (MDA (090 {1uq1) (uoy A1pq)) SJUBIN{O] BUSJHG
[e1e L, 5103\ 8530014 [s[2nyg pawmiquopi: ", 1810384, MOISSIULY
kDU RO HSVD LSHOAL W WIXEIAD SUOISSPUL JI[I0g-9Y 01 PILY -SSR0 - |
£ IB[HM AN 0]S PRI TL-SSBUIOL;
o OO




uoneddy uoneaIpoy Jruag §3 “U00SnE] MgV
0717 ‘sesuey Jo ssewory ASI1susory vodusqy

oLdeg T10T 190100
T Funnsuo) reiustmuorauy sfeg

- 6707 €9t 6707 €9 %0 O'N
- SEPST 675E $EYST &7'5¢ %0 HD
-~ SITTLY 682201 1L 68L°L01 %40 0D

sjuelnfjed HHH
- 000 00’0 - - %0 YHN
- (o T0'0 110 00 540 pea]
L1O0 vOLE 058 ¥T'LE 058 %0 2[qisuapuc) TN
LI00 YTLE 05’8 FTLE 058 240 2{q15Uapu0) OTINd
LID0 FTLE 05'8 ¥TLE 058 %50 AQISUPUL) W
1100 SEYe 85'S LY STTTT 0T16L°T %3 66 3[qeaa[rd SUNd
€100 £F'8T &9 90°CITHI 85°SHT'E %866 ajqrIayId YN
5100 ¥8'1€ LT PS1T6'51 SOSE9'E %8 66 EIREETE] Wd
5000 L1'T1 ST yTLE 058 %04, D0A
0T 66 18F F00TL 6618+ F0O011 %0 [E5)
000 95E 1370 6L°55¢€ €713 %66 (NVS) TOS*H
eI 96 koY 91901 66'118°S $6'97E° %T6 20§
SIF0 01606 98"L0T 6 TS9°L ST LLE %8y XON

(gL (JA/u03} (Y1} {14/ucy) (€] (%) SHIBIN[O] B1)11)

LovE pajjonuo) PRijonuoduy) AR o PUA PO AS V) LSHO AL I ULETA

I9TICH 15Y01§ PAIL]-ssetuorg Tajlog 1aY0]§ pail]-sseuolg 104U0) R :

1000T-d=

1000¢-d9




uoneayddy uonROTIpeIN HWla § “Uoledny yagY 01306 T10T 19q0RC
0717 ‘sesue JO ssewiorg ABIousolg vofuaqy “dT U NSO [BIUAWUOHAUL 93RS
€0°LL = FEIN] FO WSTaMm T[N 87 = (30 30 WEBM 1Bmoajol
#A0F JLIIRWIOIOIONS UD PISEE GRS 743588 =q #1.07 SLIBWOIYDI0IS UG PasEE WENINGSP L8588 =4
wdd (10541} 80-FLLOTE = ("HN 109) 3 wdd/(zas/q) 80-H5TL =(02 10 %
wdd | = gosp/a) ((1A) YE10 44 JBMOIO X §0-T56°7) ‘UOISIAUO JTUN =Y widd | = Jospyqp (0D 3B AL HEIN0SI0TN ¥ 50-T65 7) “UOISISATOD JIUN =
% & =0% % ¢ =%
[esodold topuap wdd ¢z = FN [esadolrg sopuays wdd ooz =02
‘araymM BB
(Co%rs 0T 0z) x (D) * ) % (wdd) = (mawqy) a3 (Comgozliear) x (1) x G} % (wdd) = (Mo 22
*SMOF[Of SB GPEI/]] 01 pareauod (widd) vonpw sad sped ur N £og s10108] norssiug (7) SMOTIO] B NgIAgA/T ©1 Parpaucs {mdd) uorw sad sued ut (3 J0} S1033] UOISSTIE (T}
(MEPPUO™N $ Th00°0) D A1981 AVDD 6000 97’ - o'
JARY J2{10Q AGNSTQUIOD © st SuRRp (MEAIAHD B TE0°0) 90 91981 V2D TLO0 08'¥C - YHO
TOD 0 NOGEED [ARJ UOTSIZANOD 8400 - SUCHE[NO #D m:,:uu:_M_.ﬂ THIIHD {a0] 1210¢| $5CCT @thwn*\m mmmmﬂnﬁ _ DDmnm NOU
SWEL[0d DHO
"ganos [ang snoesed wog FN sepniauy dis ] atdd ¢g paiorpasg - g ON FI10°0 o0y - N
e EET 700 sEUFN | 11000 peay
PO 1AM PUE 1E] 'UONSHAIGAID INPISAT POOM SN JAd S[qISUSPUT) 1-9°1 992, L1070 R6C -- 2[qISUAPUI) ST
*POGAM 1040 PUE N1BQ ‘HOTISTIGRIA0 SNPISAT POOM W05 TALT S[qISUSpUS) 1791 3[4z, LIOO 86°S - 21qIsapue]) AL
‘POGS JaM PUB NIEY ‘GOTISRQILGD J11P15aT POOM Woi] [ 2[<ISUIpuosy 1-9°1 S14EL| L1010 86°¢ - 3qisuapua)) wWd
“puaiq (91 3O JUSIU00 YSE PASEIIOUI J0Y 1UN00E 1-9°1 9jqeL, 15'1 T50ES - 3lqerany SN
0) PAISAIPY "POOA 134 PUE Y1BG “UCHISNGII0 SAPFSAL PAGM WAL “ENd 2(qEIN|TA
“pusq JoN 3O JUAITOD IR PASPSINUT 10J 1UN0DOT 1-9' 31921, 9L 88919 - SlqeIANTg Yind
0] PAISNIPY "POCAL 13M PUT FIB] ‘UOHSTIGUIND SNPISII POUM 01 I 8|qEmRLT
"PUSIQ T} 4O JIAITI0D 1[SE PASESIONI 1G] TUROOOE 1-9°1 #1q¢L, 161 16069 - S1qsI I Wd
a} pa1snipy 'PO0A 134 PUR YIBG ‘UCHISTIGUIOD SRPTSAr POOM UIOI] JAJ S[qeIT]
123{015 103 BONSNAIIGY [ony TE[IUS] £10D 86'C A[IBNEaN 8¢0 DOA
WO} BIEP 159) 90UTTIIONAd U0 paseq Ja)i0q 135058 WIAPOUI O 35N 10] ATUSIIIS [ONUI 040/, ‘C-9'] S1qEL
"SI} SOUSPISEI/X0NAIT] aE Y] "SUTXILI I1g/[40] ‘UONSNGII0 paders Sasnowd 0610 8469 A daN 0T'Y oD
UOTISNGO) TISPOY  Tesodold JOpusA Wol] JsY036 10] UOISAqUIOD Jany J2(1Uls 10] () PSISIpasf '} 910N
*QSPH 01 F0F TAKIRAI0D 5400 Uk S0 01 uo1aAu0s L0 % uo paseg] 910 €58 - NVS) "O5°H
(X0 03 UOISIIAUOS § [3N] 0400 1) TU1Sa3 10PusA WOy 1axMs 103 UOUSIQUIOT [3N] TRTILIS 10 X0 Patorpasg 797 4176 1060 00'8¢ mOm
"3RI UGISSIUS "] UC P35Eq 10108 UOISSITUD O1UT PIPPE SED [RINIBN (il 01061 +9°0 TF11 XON
XON |PUISU SZTUINTI &) TOASNqUIoD padels  AF0[0uyas) XQN /07 JO 250 114 (XN 0 LIOISIAUGS
N fony 2411 Ajzunxordde) [esodold J0pusa WOJ 194018 307 GOUSAQUIOD |30y B[S 10) XON PAIAIPRig
sateny (MERIN/AD (/9 Gyqr} {0y Arprap) SjuRpa[|od 8L
je1o], SIUAA §S3005g | (58D [ReN SR 1 1 asery pue (dnaAg
Juipnjoxg) aBe[[s HH A 1pnbrI] pusrg g ey 1ang. pios
§[an] pauIqUIO]) : : : $10128 ] UoissITny

A PUSTE [N AINTIE] [90F PIOS) SUOISSTH Y 210 A0)S POIL-SSETIOLT

;. LA[I0f] 13X 0}§ PAITL-STELION
R COR




uonealddy ToREORIPO e § U00SNY HATY
2771 ‘sesury Jo sseworg A31susorg voduagy

T1OT 1990100

n13eg1

&1 ‘Sunmsuo)) [eusmolAug o8eg
- 9T F1 97t 9T Fl 97'E %0 O'N
- £9'301 08T £9'801 08P %0 "HO
- 691687 £LGHS 69°66T £L97S %0 Y0

sjuel(od DHD
- £61T 69°'¢ - - 940 *HN
- 00 00 LO0 00 %0 pEa]
LI00 L19% 86'9 L1'9T $6°¢ %0 2[qIsuapuo)) SUNd
LID0 L19T 86'S LUST 86°5 %0 a|qisuspue) OlNa
L1070 L1592 36°C L19T 365 () 2[qIsuapuc)) Ad
11070 LT91 TLE 99°€TET TS0ES %€ 66 alqeraltg STNd
TI00 1681 (534 F6°10L°Z $8°019 Yf 66 alqeIayIg N
¥10°0 3112 P8t LT9Z0°E 16069 %€'66 JqEIANE WNd
$O0°0 §g/. 61 L1'97 86°S %0L D0A
0610 T5'T6T 8499 T5T6L 2499 %40 oD
000 LbT 950 91'LYT €598 %66 (nNvS) FOS'H
01z0 6677 PLEL 8ELEQY 8L'[26 %Z6 ‘08
L6T0 P6'LEY SCHOT £5°7¢8 017061 %St XON

(ML} {14/uon} (auyqr {zh o) (9D (%) SRIEIN[O4 BHIHD

1ova pajfonue)) PaJlONuOB[} Kouan iy An spng snosspry pus (dolig

1310y 19%01S PallI-SSBIIOlIg IaTioy 101§ pall{-sseuiorg [onuoy) : mmu_Em B .u._v ?:Ei EBE _u:m u..iam _u_ﬂm Euom

1000Z-d3 10002-d2 i isUOISsLIIY

IO LIMOI§ PIILA-SSEIIOLY




TEP2000] ;
Biomass-Fired Stoker, Boiler-:

i “JEARS Ewissions-from Combustion in Aréa 20000 (Maximiim WORST CASE Fuel Blend).

Busis: AP-42 Section 1.6 Wood Residue Combustion in Boilers, Final Section, September 2003.
Speciated HAP emission factors typically based on the "Average Emission Facior" for duich oven, sioker and fluidized bed combusiion boilers as provided in
AP-42 unless otherwise noted.
Controt of acetaldchyde, acrolein, benzene, formaldehyde, naphthalene, styrene and toluene assumed 70% reduction for modern staged combustion stoker and
good combustion practices (based on performance test data from similar fuel combustion for stoker). Particulate HAPs (metals) AP-42 emission factors are for
boilers with no controls or with particulate matter controls; therefore, no addidonal control for the baghouse was applied.
Hydrogen chloride emission factor based on the worst case assumptions that 100% of fuel chiorine becomes hydrogen chloride and control efficiency obtained
from vendor specifications. A factor of safety of 1.5 has been applied to the emission factor to account for variability in the fuel chlorine concentrations.
Hydrogen flueride emissions based on the data contained in the Speciated metal HAP emissfon factors obtained from the EPA's Emissions Database for Boilers
and Process Heaters Containing Stack Test, CEM, & Fuel Analysis Data Reported Under ICR No. 2286.01 and ICR No. 2286.03 {Version 6). mdb dated
February 2011, Values for biomass stoker or sloped grate boilers assumed similar to the proposcd biomass-fired stoker boiler. Value based on the maximum
concentration reported when biomass was 0% of the fuel combusted or greater. This value is slightly higher than the overall iest average of all HF cmissions
for biomass stoker or sloped grate boilers reported.
Control options of hydrogen chloride and hydrogen Auoride are essentially the same as for other acid gases and particulate matter emissions. The proposed
control for acid gases and particelate matter are BACT, which will provide a consistently achievable 95% control efficiency for hydrogen chloride and
hydrogen fluoride emissions.
Total Hexachlorodibenzo-p-dioxins (HxCDDs) emission factor adjusted in accordance with North Carclina Department of Environment and Natural Resources,
Division of Air Quality, June 11, 2008 Memorandum: Emission Factors for Weod-Fired Industrial Boilers for 1,2,3,6,7.8-HxCDD.
Only factors for pollutants noted as HAPs as defined by Section 112(b} of the Clean Air Act listed.

Criteria:

Annual Operations 8,760 hr/yr
Botler Heat Input 500 MMBtwhr
EP-20001 EP-2000%
Emission Control Biomass-Fired Stoker Boiler | Biomass-Fired Stoker Boiler | Controlled
Factor Efficiency Uncontrolied Controlled Ernission Rate

Pollutant Ib/MMB: ° (Ib/br) {ton/yr) {Ib/or) (tonfyr)

Total HAPs ° : S 1388000 |0 60793 | 4200 1841

Acetaldehyde 8.30E-04 0% 0.42 1.82 012 0.55 2 A9E-04

Acrolein 4.00E-03 70% 2.00 8.76 0.60 2.63 1.20E-03

Benzene 4.20E-03 0% 2,10 9.20 0.63 2,76 1.26E-03

Formaldehyde 4.40E-03 70% 2.20 9.64 0.66 2.89 1.32E-03

Naphthalene 9.70E-05 0% 0.05 0.21 0.01 0.06 2.91E-05

Styrene 1.90E-(3 70% 0.95 4.16 0.29 1.25 5.70E-04

Toluene 5.20E-04 70% 0.46 2.02 0.14 0.60 2.76E-04

Chlorine Assumes 100% fuel chlorine becomes hydrogen chloride for worst-case scenatio.

Hydrogen chloride 2.60E-01 99% 130.02 5069.50 1.30 5.7 0.003

Hydrogen fluoride 3.00E-04 09% 0.13 0.66 0.00 0.01 3.00E-06

Sage Enyironmental Consulting, 1. P

Qctober 2012

Abengoa Bioenergy Biomass of Kansas, LLC
1of3 ABBK Hugoten, KS Penmit Modification Application




TEPR00L

* Biomass Fired Stoker Bofler. .

EP-20001 EP-20001
Emission Control Biomass-Tired Stoker Boiler | Biomass-Fired Stoker Boiler
Factor Efficiency Uncontrolled Controled

Pollutant (Ib/MMBra} (%) (lb/hr} (tonfyr} {Io/hr} (tonfyr)

Metals: 0.04 0.19 0.04 0.1% Notes
Antimony 1.58E-06 0% 7.90E-04 3 46E-03 7 90E-04 3.46E-03 Note 1
Arsenic 1.58E-05 0% 7.908-03 3.46H-02 7.905-03 3.46E-02 Note 1
Beryilium 1.17E-05 0% 5.85E-03 2.56E-02 5.85E-03 2.56B-02 Note 1
Cadrmim 2.62E-08 0% 1.31E-03 5.73E-05 1.31E-05 5.73E-05 Note 2
Chromium, total 262E-07 0% 1.31E-04 5.73E-04 1.31E-04 5.73E-04 Note 3
Chromiym, hexavalent 5.24E-08 0% 2.62E-05 1.15E-04 2 62F-05 1.15E-04 Note 3
Caobalt 8.07E-08 0% 4.04E-05 1.77E-04 4_04E-05 1.77E6-04 Note 4
Lead 4.80E-05 0% 2 40E-02 1.05E-01 2AQE-02 1.05E-01 Table 1.6-4
Manganese 8.94E-06 0% 4 47E-03 1.96E-02 4.47E-03 1.96E-02 Note 5
Mercury 8.73E-0% 0% 4, 36E-06 1.91E-05 4 36E-06 1.91E-05 Note 6
Nickel 5.24E-07 0% 2.62E-04 1.15E-03 2.62E-04 1.15E-03 Note 7
Selenium 3.27E-08 0% 1.64E-05 7.17E-08 1.64E-05 7.17E-05 Note 8

(1) Speciated metal HAP emission factors obtained from the EPA's Emissions Database for Boilers and Process Heaters Containing Stack Test, CEM, & Fucl Analysis Data
Reported Under ICR No. 2286.01 and TCR. No. 2286.03 (Version 6).mdb dated February 2011, Values for biomass stoker or sloped grate boilers assumed similar to the
proposed biomass-fired stoker boiler. Non detect values included in the average.

(2} Based on trace metal analysis of corn stover = 0.12 mg/L Cd concentrated in cake/syrup + 100% safety margin.

(3) Based on trace metal analysis of corn stover = 1.2 mg/L Cr concenirated in cake/syrup + 100% safety margin. lexavalent chromium assumed to be approximately 20% of
total chrominm,

(4) Based on trace metal analysis of com. stover = 0.37mg/L Co concentrated in cake/syrup + 100% safety margin.

(5) Based on trace metal analysis of corn stover =41 mg/L Mn concentrated in cake/syrup + 100% safety margin.

(6) Based on trace metal analysis of com stover = 0.04 mg/L. Hg concentrated in cake/syrup + 100% safety margin.

(7) Based on trace metal analysis of corn stover = 2.4 mg/L. Ni concentrated in cake/syrup + 100% safety margin

(8) Based on trace metal analysis of com stover = 1.5 mg/L. Se concentrated in. cake/syrup + 100% safety margin

Ep-20001 EP-20001
Emission Control Biomass-Fired Stoker Boiler | Biomass-Fired Stoker Boiler
Factor Efficiency Uncontrolied Controlled
Polhutant (Ib/MMBfu) (%) {Ib/ho {lon/yr) (Ib/ho) (ton/yT)
Minor HAPs: .39 1.71 (.59 1.91
Acetophenone 3.20E-09 0% 1.60E-06 7.01E-06 1.60E-06 7.01E-06
Benzoic acid (chloramben) 4.70E-08 0% 2.35E-05 1.03E-04 2.35E-05 1.03E-04
bis(2-Eihylhexyl)phthalate (DEHP) 4.70E-08 0% 2.35E-05 1.03E-04 2.35E-05 1.O3E-04
Bromomethane (methl bromide) 1.50E-G5 0% 7.50E-03 3.29E-02 7.50E-03 3.295-02
. Carbon tetrachloride 4.50E-05 0% 2.25E-02 5.86E-02 2.25E-02 9.868-02
Chlorobenzene 3.30E-05 0% 1.65E-02 7.23E-02 1.65E-02 723502
Chloroform 2.80E-05 0% 1.40E-02 6.13E-02 1.40E-02 6.138-02
Chloromethane (metiyl chloride} 2.30E-05 0% 1.15E-02 5.04E-02 1.156-02 3.04E-02
1,2-Dichloroethane {ethylene dichloride) 2.90E-05 0% 1.45E-02 6.35E-02 1.45E-02 6.35E-02
1,2-Dichloropropane (propylene dichloride) 3.30E-05 0% 1.65E-02 7.23E-02 1.65E-02 7.23E-02
2 A-Diitrophenol 1.80E-07 0% 9.00E-03 3.94E-04 9.00E-05 3.94E-04
Dichloromethane (methylene chloride) 2.90E-04 0% 1.45E-01 6.35E-01 1.45E-01 6.35E-01
Fthylbenzene 3.10E-05 0% 1.55E-02 6.79E-02 1.55E-02 6.798-02
Pentachlorophenol 3.10E-08 0% 2.55E-05 1.12E-04 2.556-05 LI12E6-04
A-Nitrophenol 1.10E-07 0% 5.508-05 2.41E-04 5.50E-05 2A41E-04
Phenol 3.10E-05 0% 2.55E-02 1.12E-01 2.556-02 112E-01
Propionaldehyde 6.10E-05 0% 3.05E-02 1.34E-01 3.05E-02 1.34E-01
Tetrachloroethene 3 80E-QS 0% 1,906-02 8 32E-02 1.80E-02 8.328-02
1,1,1-Trichloroethane (methy] chloroform) 3.70E-05 0% 1.55E-02 6.79E-02 1.55E-02 0.79E-02
Trichloroethene 3.00E-05 0% 1.50E-02 6.57E-02 1.50E-02 6.5376-02
2.4,6-Trichlorophenol 2.20E-08 0% 1.10E-05 4 82E-05 1.10E-05 4.82E-05
Vinyl chloride 1.80E-05 0% 2 00E-03 3.94E-02 9.00E-03 394502
o-Xylene 2.50E-05 0% 1.25E-02 5.48E-02 1.25E-02 5A8E-02
Sage Environmental Consulting, L.P. Abengoa Bioenergy Biomass of Kansas, LLC

October 2012 2of3 ABBK Hugoton, KS Permit Modification Application



S EP-20000
sss-Fired Stoker Boiler !
EP-20001 EP-20001
Emission Biomass-Fired Stoker Boiler | Biomass-Fired Stoker Boiler
Factor Uncontrolled Controlled

Pollutant {Ib/NMMBtu) (1b/hr) (tonym) {Iv/hr) (tonfyr)

Polychlorinated biphenyls: 3.96E-06 1.74E-05 3.96E-06 L.74E-05
Decachlorobiphenyl 2 70E-10 1.35E-07 5.91E-07 1.35E-07 5.91E-07
Dichlorobiphenyl 7.40E-10 3.70E-07 1.62E-06 3.70E-07 1.62E-06
Heptachlorobiphenyl 6.60E-11 3.30E-08 1 45E-07 3.30E-08 1.45E-07
Hexachlorcbiphenyl 5.50E-10 2.75E-07 1.20E-06 2.75E-07 1.20E-06
Pentachlorobipheny] 1.20E-09 6.00B-07 2.63E-06 6.00E-07 2.63E-06
Trichiorobipkenyl 2.60E-09 1.30E-06 5.70E-06 1.30E-06 5.70E-06
Tetrachlorobiphenyl 2.50E-09 1.25E-G6 5.48E-06 1.25E-06 5.48E-06

EP-20001 EP-20001
Emission Biomass-Fired Stoker Boiler | Biomass-Fired Stoker Boiler
Factor Uncontrolled Controlied

Pollutant {Ih/MMBiu) (Ib/ht) {ton/yr) {Ib/hr) {ton/yT)

Polycyclic Organic Matter: 1.40E-02 6.13E-02 1.40E-02 6.13E-02
Benzo(a)anthracene 6.50E-08 3.25E-05 1.42E-04 3.25E-05 1.42E-04
Benzo{a)pyrens 2.60E-00 1.30E-G3 3.70E-03 1.30E-03 5,70E-03
Benzo(b){luoranthence 1.00E-07 5.00E-0G5 2.19E-04 5.00E-035 2.15E-04
Benzo(e)pyrene 2 60E-09 1.30E-06 5. 70E-06 1.30E-06 5.70E-06
Benzo(g b ijpervlene 9.30E-08 1.65E-05 2.04E-04 4.63E-03 2.04E-04
Benzo(j,k)fluoranthene 1.60E-07 8.00E-05 3.50E-04 8.00E-03 3.50E-04
Benzo(k)fluoranthene 3.60E-08 1.80E-G5 7.89E-05 1.80E-03 7.89E-05
Chrysene 3.80E-08 1.90E-05 8.32E-03 1.90E-05 8.32E-05
Dibenzo{a,hjanthracene 9.10E-0% 4.55E-06 1.99E-05 4.55E-06 1.99F-03
[edeno(1,2,3,¢,d)pyrene 8.70E-08 4351505 1.91E-04 4.35E-03 1.91E-04
Acenaphthene 9.10E-07 4.55E-04 1.99E-03 4.55E-04 1.99%-03
Fluerene 3.40E-06 1.70E-03 7.456-03 1.70E-03 7.45E-03
Anthracene 3.00E-06 1.50E-03 6.57E-03 1.50E-03 6.57E-03
Phenanthrene 7.00E-06 3.50E-03 153602 3.50E-03 1.53E-02
Filuoranthene 1.60E-06 8.00E-04 3.50E-03 8.00E-04 3.50E-03
Pyrene 1.70E-06 1.85E-03 3.10E-03 1.85E-03 8.10E-03
Perylene 5.20E-10 2.60E-07 1.14E-06 2.60E-G7 1.14E-06
Acenaphthylene 5.00E-086 2.50E-03 1.10E-02 2.50E-03 1.10E-02
2-Methylnaphthalene 1.60E-07 8.00E-05 3.50E-04 8.00E-05 3.50E-04
2-Chloronaphthaiene 2AGE-09 1.20E-06 5.26E-06 1.20E-06 5.26E-06

Toxic Equivaients {TEQ} Toxic Equivalents (TEQ)
Toxic EP-20001 EP-20001
Emission Equivalency | Biomass-Fired Stoker Boiler | Biomass-Fired Stoker Boiler
Factor Factor Uncontrolled Controlled

Pollutant (Ib/MMDtu) {TEE) (Ib/hr) fton/yr) (Ib/hr) (tonfyr)

Dibenzo furans: 4.19E-08 1.83E-07 4.19B6-08 1.83E-07
Heptachlorodibenzo-p-farans 2A40E-10 ( 0.00E+00 0.00E+0 0.00E+00 {.00E+00
Hexachlorodibenzo-p-furans 2.80E-10 0 0.00E+00 0.00E+00 0.00EH0 {.00G+00
Qctachlorodibenzo-p-furans 8.80E-11 0.001 4 40E-11 1.93E-10 4 40E-11 1.93E-10
Pentachlorodibenzo-p-furans 4.208-10 ¢ 0.00E+0 0.00E+00 G.00C+H00 {.00C+00
2.3.7 8-Tetrachlorodibenzo-p-farans 9.00E-11 0.] 4 50E-09 1.97E-08 4 50E-09 1.97E-08
Tetrachlorodibenzo-p-furans 7.50E-10 0 0.00E+30 0.00E+00 0.00E+00 0.00E+GO

Dioxins:

Heptachlorodibenzo-p-dicxing 2.00E-09 0 C.O00E+00 0.00E+00 0.00E+00 0.00EHC0

Hexachlorodibenzo-p-dioxing 3.19E-11 0 0.00E+00 0.00E+00 0.00E+00 0.00E+30

(ctachlorodibenzo-p-dioxins 6.60E-08 0.001 3.30E-08 1.45E-07 3.30E-08 145807

Pentachiorodibenzo-p-dioxins 1.50E-09 0 0.00E+D0 0.00E+00 0.00E+00 0.00E+00

2,3,7.8-Tetrachlorodibenzo-p-dioxins 8.60E-12 1.0 4.30E-0% 1.88E-08 4.30E-09 1.88E-08

Tetrachlorodibenzo-p-dioxins 4.70E-10 0 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Sage Environmental Consuiting, 1P, Abengoa Bioenergy Bicmass of Kansas, LLC
October 2012 3of3 ABBK Hugoton, K8 Permit Modification Application
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0010 throuigh EP-20040

" Generators’

Basis: Cummins Power Generation generator sets with a rating of 1,750 kilowatts (kW) continuous power, 1,837 kW maximum power, Model C1750 N6C
specification sheet dated April 2009.

AP-42 Section 3.2, Natural Gas-fired Reciprocating Engines, Final Scction, August 2000. Table 3.2-2. Uncontrolled Emission Factors for 4-Stroke
Lean Burn Engines (SCC 2-02-002-54),

New Source Performance Standard (NSPS) 40 CFR Part 60, Subpart JIJT § 60.4230{a)(4)(i) is applicable to ABBK as the proposed generator engines
are siationary spark ignition (SI} internal combustion engines (ICE) that have commenced construction after June 12, 2006.

Calilornia Climate Action Registry (CCAR) General Reporting Protocol, Version 3.1, January 2009

Criteria:
TInit Size Rating (100% of Rated Load) 1,730 kWe
2,463 Hp-hr
6.27 MMBtu Based on 1 Hp-hr = 2,544.43 Btu
Maintenance Checks and Readiness Testing 100 hr/yr
Sowrce Details:. 55000
Stack Flow Stack Release
Rate THameter Heipght Stack Arca Crag Velocity {3as Exit Temperature

D Emission Source (cfim) (in) (ft) (f%) (fi/sec) (m's) (deg F) (deg K)
EP-20010 |Generator Set #1 13,292 12 60 0.79 282.07 85.97 921 767
EP-20020 |Generator Set #2 13,292 12 60 0.79 282.07 85.97 921 767
EP-20030  |Generator Set #3 13,292 12 60 0.79 282.07 85.07 921 767
EP-20040  |Generator Set #4 13,292 12 60 0.79 282.07 85.97 92} 767
Emission Factors:: 55050
Crteria Pollutants EF Unit Notes

NO, Uncontrolled " 0.882 o/Hp-hr Reported Cummins Power Generation Emission Rate, July 24, 2012; includes 5% tolerance for data.

AP-42 Section 3.2, Table 3.2-2, converted to g/Hp-hr, Based on 100% conversion of fuel sulfur to SO,.
80, 0.00068 |g/Hp-hr ; .
Assumes sulfur content in natural gas of 2,000 gr/10” scf.

CO 2.88 g/Hp-hr Reported Cummins Power Generation Emission Rate, July 24, 2012; includes 15% tolerance for data

vOC .14 g/Hp-hr AP-42 Section 3.2, Table 3.2-2, converted to g/Hp-hr.

PM/PM, o/ BM; - 0.012  |g/p-hr AP-42 Section 3.2, Table 3.2-2, converted to g/Hp-hr. Includes both filterable and condensable fractions.
GHG Pollutants

Cy 135.01  |Ib/MMscf VCCAR Table C.7 (53.06 kg COy/MMBtu, 100% Oxidization), converted to g/Hp-hr.

CH, 0.0025 |Ib/MMscf JCCAR Table C.8 (C.001 kg CH,/MMBtu), converted to g/Hp-hr.

N,O 000025 [Ib/MMscf  {CCAR Table C.8 (0.0001 kg N,OMMBtu), converted to g/Hp-hr.
Emissions:::vnnnd ) EP-20010 [ EP-20020 | EP-20030 | EP-20040 TOTAL
Criteria Poliutants {Ib/hr) (Ib/hr) {Ib/hr) {Ib/hr) (1b/hr) {ton/yr)

NO, 4.79 4.79 4.79 4,79 19.16 0.96

50, 0.0037 0.0037 6.0037 0.0037 0.015 0.0007

CO 15.61 15,61 15.61 15.61 62.44 3.12

VOC 0.74 0.74 0.74 0.74 2.96 0.15

PM/PM,o/PM, 0.063 0.063 0.063 0.063 0.25 0.013
GHG Pollulanis

CO, 733.08 733.08 733.08 733.08 2,932.30 146.62

CH, 0.014 0.014 0.014 0.014 0.035 0.0028

N,O 0.0014 ©¢.0014 0.0014 0.0014 0.0055 0.00028

Sage Environmental Consulting, L.P. Abengoa Biocnergy Biomass of Kansas, LLC

Oclober 2012 Page 1 of 3 ABBK Hugoton, KS Permit Modification Application



SLXP-20010 througli EP20

Basis: AP-42 Section 3.2, Natural Gas-fired Reciprocating Engines, Final Section, Augnst 2000, Table 3.2-2. Uncontrolled Emission
Factors for 4-Stroke Lean Bum Engines {SCC 2-02-002-54).

Only factors for polluiants noted as HAPs as defined by Section 112(b) of the Clean Air Act listed.
AP-42 factors marked as "less than" are omitted as emissions from such pollutants are negligible,

Emission Factors:: . :

HAPs (Ib/MMBta}} {g/Hp-hr)
1,3-Butadiene 267804 | 3.08E-04
2-Methylnaphthalene 3.32B-05 | 3.83E-05
2.2 4-Trimethylpentane 2.50E-04 | 2.80E-04
Acenaphthene 1.25E-06 [ 1.44E-06
Acenaphthylene 5.53E-06 6.38E-06
Acetaldehyde 8.36E-03 | 9.65E-03
Acrolein 5.14E-03 | 5.93E-03
Benzene 440E-04 | 5.08E-04
Benzo({b)fluoranthene 1.66E-07 1.92E-07
Benzo(e)pyrene 4.15E-G7 4.79E-07
Benzo{gh,i)perylens 4.14E-07 | 4.78C-07
Biphenyl 2.12B-04 | 2.45B-04
Chrysene 6.93E-07 | B.00E-07
EthyThenzene 3.97E-05 | 4.58E-05
Fluoranthene 1.11E-06 1.28E-Go
Fluorene 5.07E-06 6.5415-06
Formaldehyde 5.28E-02 | 6.09E-02
Methanol 2.50E-03 | 2.89E-03
Methylene Chloride 2.00E-G5 231E-05
n-Hexanc 1.11E-03 1.28E-03
Naphthalene 744E-05 8.59E-05
PAH 2.69B-05 | 3.10E-05
Phenanthrene 1.04E-05 1.20E-05
Phenol 240B-05 | 2.77E-05
Pyrene 1.36E-06 1.57E-0¢6
Tetrachiorocthane 2.48E-06 2.80E-06
Toluene 4.08E-04 | 4.71E-04
Vinyl Chloride 1.49B-05 | 1.72E-05
Xylene 1.84E-04 | 2.12E.04

TOTAL 7.19E-02 | 8.30E-02

Sage Environmental Consulting, 1..P. Abengoa Bioenergy Biomass of Kansas, LLC

October 2012 Page 2 of 3 ABBE. Hugoton, K.S Permil Modification Application




P-20010 thioiia
CLEiGederatorst
Emissions: 7000 EP-20010 | EP-20020 | EP-20030 { EP-20040 TOTAL

HAPs (lb/hr} (Ib/hr) {Ib/hr) (1b/hr) {Ib/hr) (ton/yr}
1,3-Butadiens 1.67E-03 1.67E-03 1.67E-03 1.67E-03 6.69E-03 3.35E-04
2-Methylnaphthalene 2.08E-04 2.08E-04 | 2.08E-04 2.08E-04 8.32E-04 4 16E-05
2,2.4-Trimethylpentane 1.37E-03 1.57E-03 1.57E-03 1.57E-03 6.27E-03 3.13E-34
Acenaphthene 7.83E-06 7.83E-06 | 7.B3E-06 7.83E-06 313605 1L5TE-06
Acenaphthylene 3 47E-05 3 47E-03 3.47E-05 3.47E-05 1.39E-04 6.93E-036
Acetaldehyde 5.24E-02 5.24B-02 | 5.24E-02 5.24E-02 2. H0E-01 1.05E-0G2
Acrolein 3.22E-02 322E-00 | 322802 322B-02 1.29E-01 6. 44E-03
Benzene 2.76E-03 2,76E-03 2.76B-03 2.76E-03 1,10E-02 5.51E-04
Benzo(b)fluoranthens 1.04E-06 1.04E-06 1.04B-06 1.04E-06 4.16E-06 1.08E-07
Benzo{e)pyrene 2.60E-06 260E-06 | 2.608-06 2.60B-06 1.04E-05 5.20E-07
Benzo{gh,Dperylene 2.59E-06 2.50E-06 | 2.59E-08 2.59E-06 1.04E-05 519E-07
Biphenyl 1.33E-03 1.33E-03 1338-03 1.33E-03 5.31E-03 2.66F-04
Chrysene 4.34E-G6 4.34E-06 | 434E-06 4.34E-06 1.74F-05 8.69E-07
Eihylbenzene 2A49E-04 2.49E-04 | 2.49E-04 2491304 | 9.95E-04 4.98E-05
Fluoranthene 6.96E-06 6.96E-06 | 696E-06 6.9615-06 | 2.78E-05 1.39E-06
Fluorene 3.55E-05 3.55E-05 | 3.55E-05 3 551305 1.42E-04 711E-06
Formaldehyde 3.31E-01 3.31E-01 331801 3.31E-01 1.32E+H)0 6.62E-02
Methanol 1.57E-02 1.57E-02 1.57E-(2 1.57E-02 6.27E-02 3.130-03
Methylene Chioride 1.25E-04 1.25E-04 1.25E-04 1.25E-04 5.01E-04 2.51E-05
n-Hexane 6.96E-03 6.96E-03 6.96E-03 6.96E-03 2.78E-02 1.3%E-03
Naphthalene 4.60F-04 4.66E-04 | 4.665-04 4.66E-04 1.87E-03 9.33E-05
PaH 1.69E-04 .| 1.65E-04 1.69E-04 1.69E-04 6.74E-04 337E-05
Phenanthrene 6.52E-05 6.52E-03 6.52E-03 6,52E-05 2.618-04 1.30E-05
Phenol 1.50E-04 1.50B-04 1.30E-04 1.50E-04 6.02E-04 3.01E-05
Pyrene 8.52E-06 8.52E-06 §.32E-06 8.52E-06 3.41E-05 1.70E-06
Tetrachloroethane 1.55E-05 1.35B-05 1.55E-03 1.55E-05 6.226-05 3.11E-06
Tohuene 2.56E-03 2.56E-03 2.56E-03 2.56E-03 102502 S11E-
Vinyl Chloride 9.34E-05 $.348-05 9.34E-03 %.34E-05 3.74E-04 1.87E-85
Hylens 1.15E-03 1.153E-03 1.15E-03 115803 4.61F-03 2.31E-04

TOTAL 0.43 445 0,45 0.45 1.80 0,090

Sage Environmental Consulting, L.I. Abengoa Bioenergy Biomass of Kansas, LLC
October 2012 Page 3 of 3 ABBK Hugoton, KS Permit Modification Application




BEST AVAILABLE CONTROL TECHNOLOGY ANALYSIS

CALCULATIONS
Sage Environmental Consulting, L.P. D-1 Abengoa Bioenergy Biomass of Kansas, LLC

October 2012 ABBK Hugoton, KS Permit Modification Application



Y SCR and Catalytic Oxidati

on for NG Génerators (EP-20010 thiough EP-20040)

Basis: Cummins Power Generation generator sets with a rating of 1,750 kilowatts (kW) continuous
power, 1,837 kW maximum power, Model 1750 N6C specification sheet dated April 2009
Criteria:
NG Generator 100% Rated Shaft Power 2463 BHP-Ir [13 Gross Engine Power Qutput
Emergency Operating Time 500 hrfyr
NG Generator 100% rated NOx emission rate 0.88 o/BHP-hr [1} NOx Emissions + 5%
NG Generator 100% rated NOx emissions 2,172.37 g/hr Caic
4.79 Ib/hr NOX. Cale
1.20 ton/yr NOx Calc
NG Generator 100% rated NOX emission w/ SCR @ 55% CJ 0.04 g/BHP-hr 95% Capture Efficiency
Amount of NOx reduced by using SCR 2.063.75 gihr Cale
4.55 Ib/hr NOX Calc
1.14 ton/yr NOx Calc

NG Generater 100% rated CO emission rate 2.88 o/BHP-hr I1] CO Emissions + 15%
NG Generater 100% rated CO emissions 7,081.13 gffw Cale
15.61 1b/hr CO Cale
3.90 tonfyr CO Cale

40 CER Part 60, Subpart /11 - Non-Emergency

NG Generator 100% rated CO emission w/ Catalytic Oxidaty 2.00 g/BHP-hr e
Engine Limif
Amount of CO reduced by using Catalytic Oxidation 2,155.13 g/hr Cale
Amount of CO reduced by using Catalytic Oxidation 4.75 Ib/br CO Cale
1.19 toniyr CO Calo
SCR. Cost Per Unit $410,770 AEPC Change order
Catalytic Oxidation Cost Per Unit $363,220 AEPC Change order
BACT Options Total Capital Cost Life Expectancy
8CR 410,770 /per unit 10| years
Catalytic Oxidation 363,220 fper unit 10| years
Annual Operating Costs Agsumed Zero for Worst-Case Estimate| § -
Overhead Costs Assumed Zero for Worst-Case Estimate| § -
Annual Indirect Costs Asgumed Zero for Worst-Case Estimate| § -
Interest EPA’s ACA software) 7%
Capital Recovery Factor (CRF) Based on 10 Years| 0.1424
SCR for NOx Reduction

Potential Emissions

Emissions Reduction

Equipment Capital Cost Per Ton of

Cost Pollutant Removed
NOx NOx $/Ton for NOx
Uncentrolled (Baseline) 1.20 — . -
SCR 0.06 {1.14) § 410,770 | § 51,500
Catalytic Oxidation for CO Reduction
Potential Emissions | Emissions Reduction Equipment Capital Cast Per Ton of
Cost Pollutant Removed
CO CO $/Tan for CO Only
Uncontrolled (Baseline) 390 - . -
Catalytic Oxidation 2.71 (1.19) 5 363220 § 43,600
Sage Environmental Consulting, L. P. Abengoa Bioenergy Biomass of Kansas, LLC
Octaber 2012 Page | of 1 ABBK Hugoton, K$ Permit Modification Application



Kansas Department of Health and Environment
Bureau of Air and Radiation
Phone (785) 296-1570  Fax (785) 291-3953
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Notification of Construction or Modification
(K.A.R. 28-19-300 Construction permits and approvals; applicability)

Check one: JAppiying for a Permit under K.A.R. 28-19-300(a} [Applying for an Approval under K.A.R. 28-19-300(b)"

1} Source 1D Number: 189M31 C - / O 5‘5© Kf
: o2

2} Mailing Information:
Company Name: Abengoa Bioenergy Biomass of Kansas
Address: 16150 Main Circle Drive, Suite 300 RECEIVED
City, State, Zip: Chesterfield, Misscuri, 63017
DEC 17 2012

3) Socurce Location; 043 Road
N . oa
(Sitiltif‘?tcttiizfssltate, Zip: Higoton, KS 67951 BUREAU OF AIR
Section, Township, Range: T338, R37W, Sec 18
Latitude & Longitude Coordinates:
4)‘NAICSC/SIC Code (Primary); 325193 for EH 221117 for Cogen
5) Primary Product Preduced at the Source: Ethanol
6} Would this modification require 2 change in the current operating permit for your facility? » ' + No
[f no, please explain:
71 Is & permit fee being submitted? -« @- No
If yes, please include the facility’s federal employee identification number (FEIN #) 20~ 5 8 l ‘ l q

8) Person to Contact at the Site: _RO9eT Hoffman Phone: ( 636-346-6820
Title: Project Engineer

9) Person to Contact Concerning Permit: _Bob Wildgen Phone: (636y368-1670

Title: Business Development Manager

Email: robert .wildgen@bicenergy.abengoa.com Fax: 636)—536—6175

Please read before signing:

Reporting forms provided may not adequately describe some processes. Modify the fovms if necessary. Include a writlen description of the activity
heing proposed, a description of where the air emissions are gencrated and exhausted and how they are controlled. A simple diagram showing the
proposed activity addressed in this notification which produces air pollutants at the facility (process flow diagrams, piot plan. etc.) with emission
noints labeled must be submitted with reporting forms. Information that, if made public, would divulge methods or precesses entitled fo protection as
trade secreis may be held confidential. See the reverse side of this page for the procedure to request information be held confidential. A copy ofthe
Kansas Air Quality Statutes and Regulations will be provided upen request.

Name and Title ; G&?DOJ ‘Q_'CLN‘\’DS ,Léioi.) /E{@Cv&\\}e \J e P"“CSYQ":Q

Address: (/9 @
Signature: Date: ﬂjﬁg& Phone: (éj’é) 4 OALs

* If you do not kn w whether to apply for a permis or an approval, follow appreval application procedures,

Procedures For Requesting Information To Be Held Confidential

March 15, 2006
Revision 6



An applicant may request that information submitted to the Department, other than emission data or information
in any air quality permit or approval, be treated as confidential if the information would divulge methods or
processes entitled to protection as trade secrets.

A request to designate information within the Department's air quality files as confidential must include:
(D) An uncensored copy of the document clearly marked as confidential;

(2) A copy of the document, or copies if more than one is required to be filed with the
Department, with the confidential information masked;

(3) Specification of the type of information to be held as confidential (i.e., product formulations,
process rates);

(4) Specification and justification of the reason the information is qualified by statute to be treated
as confidential (competitive advantage, company developed secret formulation, trade secret);
and

(5) A reference at each place in the document or documents where information is masked referring
1o the specification of the type of information masked and the specification and justification the
information is qualified by statute to be treated as confidential.

ONLY THE CONFIDENTIAL INFORMATION ON ANY DOCUMENT MAY BE MASKED. ALL
INFORMATION ON ANY DOCUMENT WHICH IS NOT CONFIDENTIAL MUST REMAIN LEGIBLE.

The information will be treated as confidential until the secretary has acted upon the request and the owner or
operator has had the opportunity to exhaust any available remedies if the secretary determines the information is
not confidential.

Complete this and all reporting forms and submit to:

Kansas Department of Health and Environment
Bureau of Air and Radiation
1000 SW Jackson, Suite 310
Topeka, KS 66612-1366
(785) 296-1570

Sources located in Wyandotte County should obtain forms from, and submit forms to:

Unified Government of Wyandotte County
Department of Air Quality
619 Ann Avenue
Kansas City, KS 66101
(913) 573-6700

March 15, 2006
Reyision 6



CALCULATING THE CONSTRUCTION PERMIT APPLICATION FEE

[These requirements are found at K.A.R. 28-19-304(b).]

Calculate the construction permit application fee as follows:

Estimated capital cost of the proposed
activity for which the application is made,
including the total cost of equipment and

services to be capitalized. Liney § 4.000,000
Multiply by .05% (.0003) X 0005
Total Line2 § 2,000

If Line 2 is less than $100, enter $100
on Line 3,

If Line 2 is greater than $4,000, enter
$4,000 on Line 3.

Otherwise, copy Line 2 to Line 3.

Construction permit application fee, Line3 § 2,000 Minimum fee is $100

O JJ (% (“l [/J Q‘a@f\)

1212 /12

Dite

Certifier of Capital Cost

(Signature)

[.AR. 28-19-350 is a complex regulation pertaining to prevention of significant deterioration (PSD}. An additional fee of $1,500
will be required it a PSD review is necessary. if you believe the proposed activity in this Netification of Construction or
Modification will be subject to the requirements of K.A.R. 28-19-350, contact the Department for further evaluation,

For purposes of construction permit or approval applications, the following are not considered modifications:

1. Routine maintenance or parts replacement.
2. An increase or decrease in operating hours or production rates if:
a. production rate increases do not exceed the originally approved design capacity of the stationary source or
emissions unit; and
b. the increased potentizl-to-eniit resulting from the change in operating hours or production rates do not exceed

any emission or operating limitations imposed as a permit condition.
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ABENGOA BIOENERGY BIOMASS OF KANSAS, LLC . 1 006 30

Date Invoice No Comment Amount Net Amount
12/12/2012 KDHE CONST PERMI KDHE - Modified Construction P 5,500.00 UsSD 5,500.00 UsD
F?E’CSE{VED

BEC 17 2017

BUneAy oF AlR
Check: 100630 12/13/2012 Kansas Dept of Health & Environ., CheckTotal; ****=****5 500 00* (JSD

IS BOCEMENTHAS A DOLORED SECUHITY BACKGRODND: DO NOTLR B R AP A A AN AR A W A D e e S DA D AT E LT SR ROTECTER )
ABENGOA BIOENERGY BIOMASS OF KANSAS, LLC DEUTSCHE BANK TRUST COMPANY AMERICAS 100630
(636) 728-0508 1103210

16150 MAIN CIRCLE DRIVE, SUITE 200
CHESTERFIELD, MO 63017

*FIVE THOUSAND FIVE HUNDRED AND ZERO CENTS*

DATE AMOUNT
1271372012 FHRERERKRRRD 500.00%
?g}j{HE ~Kansas Dept of Health & Environ., VOIDIFNO YS
ORDES 1000 SW Jackson Street, Suite 310 ﬂm__

OF: . Topeka, KS 66612-1366




